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A SYSTEM FOR COUPLING A TUBULAR MEMBER TO A 

PREEXISTING STRUCTURE 

Background of the Invention 
This invention relates to coupling a system for coupling a tubular member to 

5 a preexisting structure. 

Conventionally, when a wellbore is created, a number of casings are 
installed in the borehole to prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation or inflow of fluid from the 
formation into the borehole. The borehole is drilled in intervals whereby a casing 

10 which is to be installed in a lower borehole interval is lowered through a previously 
installed casing of an upper borehole interval. As a consequence of this procedure 
the casing of the lower interval is of smaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided between the outer 

15 surfaces of the casings and the borehole wall to seal the casings from the borehole 
wall. As a consequence of this nested arrangement a relatively large borehole 
diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing handling equipment, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 

20 increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
25 limitations of the existing procedures for forming wellbores. 

Summary of the Invention 
According to the present invention there is provided a system for coupling an 
expandable tubular member to a preexisting structure, comprising: 
30 ' means for positioning the tubular member and an expansion cone within the 

preexisting structure; 

means for anchoring the tubular member to the preexisting structure; 
means for axially displacing the expansion cone relative to the tubular 
member by pulling the expansion cone through the tubular member, and 




means for injecting a lubricating fluid into the trailing edge of the interface 
between the expansion cone and the tubular member. 

Preferably, the system further comprises a lubricating fluid, wherein the 
lubricating fluid has. a viscosity ranging from 1 to 10,000 centipoise. 
5 Preferably, the means for injecting includes: 

injecting lubricating fluid into a tapered end of the expansion cone. 

Preferably, the means for injecting includes means for injecting lubricating 
fluid into the area around the axial midpoint of a first tapered end of the expansion 
cone. 

10 Preferably, the means for injecting includes means for injecting lubricating 

fluid into a second end of the expansion cone. 

Preferably, the means for infecting includes: 

means for injecting lubricating fluid into a tapered first end and a second end 
of the expansion cone. 

15 Preferably, the means for ir^ecting includes means for injecting lubricating 

fluid into an Interior of the expansion cone. 

Preferably, the means for injecting includes means for injecting lubricating 
fluid through an outer surface of the expansion cone. 

Preferably, the means for injecting includes means for injecting the 
20 lubricating fluid into a plurality erf discrete locations along the trailing edge portion. 

Preferably, the system further comprises a lubricating fluid, wherein the 
lubricating fluid comprises drilling mud. 

Preferably, the lubricating fluid further includes: 
TorqTrim III; 
25 EPMudlib;and 
DrillN-Slid. 

Preferably, the system further comprises a lubricating fluid, wherein the 
lubricating fluid comprises: 
TorqTrim III; 
30 EP Mudlib; and 

DrillN-Slid. 

Preferably, the means for axially displacing the expansion cone includes a 
means for pressurizing at least a portion of the interior of the tubular member. 

Preferably, the means for axially displacing the expansion cone includes a 
35 means for injecting a fluidic material into the tubular member. 
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Preferably, the means for axialty displacing the expansion cone includes a 
means for displacing the expansion cone into the tubular member. 

Preferably, the means for axialiy displacing the expansion cone includes a 
means for displacing the expansion cone out of the tubular member. 

Preferably, the means for axialiy displacing the expansion cone radially 
expands the tubular member by 10% to 20%. 

Preferably, the system further comprises a means for applying direct radial 
pressure to the tubular member. 

Preferably, the preexisting structure includes a weilbore casing. 

Preferably, the preexisting structure includes a pipeline. 

Preferably, the preexisting structure includes a structural support. 

Preferably, the system further comprises an expansion cone, wherein the 
expansion cone comprises an angle of attack ranging from 1 0 to 30 degrees. 

Preferably, the system further comprises a tubular member, wherein the 
tubular member includes: 

an annular member, having: 

a wail thickness that varies less than 8 %; 

a hoop yield strength that varies less than 10 %; 

imperfections of less than 8 % of the wall thickness; 

no failure for radial expansions of up to 30 %; and 

no necking of the walls of the annular member for radial expansions of up to 

25%. 

Preferably, the system further comprises a tubular member, wherein the 
tubular member includes: 

a first tubular member, 

a second tubular member; and 

a pin and box threaded connection for coupling the first tubular member to 
the second tubular member, the threaded connection including: 

one or more sealing members for sealing the interface between the first and 
second tubular members. 

Preferably, the one or more sealing members are positioned adjacent to an 
end portion of the threaded connection. 
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Preferably, one of the sealing members is positioned adjacent to an end 
portion of the threaded connection; and wherein another one of the sealing 
members is not positioned adjacent to an end portion of the threaded connection. 

Preferably, a plurality of the one or more sealing members are positioned 
5 adjacent to an end portion of the threaded connection. 

Preferably, the system further comprises a tubular member, wherein the 
tubular member includes: 

a layer of a lubricant bonded to the interior surface of the tubular member. 

Preferably, the lubricant comprises a metallic soap. 
10 Preferably, the lubricant is chemically bonded to the interior surface of the 

tubular member. 

Preferably, the lubricant is mechanically bonded to the interior surface of the 
tubular member. 

Preferably, the lubricant is adhesively bonded to the interior surface of the 
15 tubular member. 

Preferably, the lubricant includes epoxy, molybdenum disulfide, graphite, 
aluminum, copper, alumisilicate and polyethyfenepolyamine* 

Preferably, the system further comprises a tubular member, wherein the 
tubular member includes: 
20 a pair of tubular members having threaded portions coupled to one another; 

and 

a quantity of a sealant within the threaded portions of the tubular members. 
Preferably, the sealant Is selected from the group consisting of epoxies, 
thermosetting sealing compounds, curable sealing compounds, and sealing 
25 compounds having poiymerizable materials. 

Preferably, the sealant includes an initial cure cycle and a final cure cycle. 
Preferably, the sealant can be stretched up to 30 to 40 percent without 

failure. 

Preferably, the sealant is resistant to conventional wellbore flukjic materials. 
30 Preferably, the material properties of the sealant are substantially stable for 

temperatures ranging from 0 to 450°F. 

Preferably, the threaded portions of the tubular members include a primer for 
improving the adhesion of the sealant to the threaded portions. 

Preferably, the system further comprises a tubular member, wherein the 
35 tubular member includes: 

4 



a pair of rings for engaging the preexisting structure; and 
a sealing element positioned between the rings for sealing the interface 
between the tubular member and the preexisting structure. 

Preferably, the system further comprises a tubular member, wherein the 
5 tubular member includes: 

a first preexpanded portion; 

an intermediate portion coupled to the first preexpanded portion including a 
sealing element; and 

a second preexpanded portion coupled to the intermediate portion. 
1 0 Preferably, the system further comprises: 

a tubular member; 
an expansion cone; 

a support member including a fluid passage, the expansion cone coupled to 
the support member, the tubular member coupled to the expansion cone; 
15 a slip joint coupled to the expansion cone; 

an end plate coupled to the slip joint; 

a fluid chamber coupled to the fluid passage, the fluid chamber defined by 
the interior portion of the tubular member between the expansion cone and the end 
plate. 

20 Preferably, the system further comprises a tubular member, wherein the 

tubular member includes a slotted end portion. 

Preferably, the system further comprises a tubular member and an 

expansion cone, wherein the tubular member and the expansion cone define a 

chamber adapted to be pressurized. 
25 Preferably, the system further comprises a fluidic passage coupled to the 

chamber. 

Preferably, the system further comprises a lubricating fluid in an interface 
between the expansion cone and the tubular member. 

Preferably, the lubricating fluid comprises drilling mud. 

30 

Brief Description of the Drawings 
FIG. 1a is a fragmentary cross-sectional illustration of the placement of an 
apparatus for expanding a tubular member within a wellbore casing. 
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FIG. 1b is a fragmentary cross-sectional illustration of the apparatus of FIG. 
1a after anchoring the expandable tubular member of the apparatus to the wellbore 
casing. 

FIG. 1c is a fragmentary cross-sectional illustration of the apparatus of FIG. 
5 1 b after initiating the axial displacement of the expansion cone. 

FIG. 1d is a fragmentary cross-sectional illustration of the apparatus of FIG. 
1b after initiating the axial displacement of the expansion cone by pulling on the 
expansion cone and injecting a pressurized fluid below the expansion cone. . 

FIG. 1e is a fragmentary cross-sectional illustration of the apparatus of FIGS. 
10 1c and 1d after the completion of the radial expansion of the expandable tubular 
member. 

FIG. 1f is a fragmentary cross-sectional illustration of the apparatus of FIG. 
1e after the decoupling of the anchoring device of the apparatus from the wellbore 
casing. 

15 FIG. 1g is a fragmentary cross-sectional illustration of the apparatus of FIG. 

If after the removal of the anchoring device of the apparatus from the wellbore 
casing. 

FIG. 2a is a fragmentary cross-sectional illustration of the placement of an 
apparatus for expanding a tubular member within a weBbore casing and an open 
20 hole in a subterranean formation. 

FIG. 2b is a fragmentary cross-sectional illustration of the apparatus of FIG. 
2a after anchoring the expandable tubular member of the apparatus to the open 
hole. 

FIG. 2c is a fragmentary cross-sectional illustration of the apparatus of FIG. 
25 2b after initiating the axial displacement of the expansion cone. 

FIG. 2d is a fragmentary cross-sectional illustration of the apparatus of FIG. 
2b after initiating the axial displacement of the expansion cone by pulling on the 
expansion cone and also by injecting a pressurized fluid below the expansion cone. 
FIG. 2e is a fragmentary cross-sectional illustration of the apparatus of FIGS. 
30 2c and 2d after the completion of the radial expansion of the expandable tubular 
member. 

FIG. 2f is a fragmentary cross-sectional illustration of the apparatus of FIG. 
2e after the decoupling of the anchoring device of the apparatus from the open hole. 
FIG. 3a is a fragmentary cross-sectional illustration of the placement of an 
35 apparatus for expanding a tubular member within a wellbore casing. 
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FOG. 3b is a fragmentary cross-s©ctional illustration of th© apparatus of FOG. 
. 3a after anchoring the expandable teibr m©rnb®r of th© apparatus to the w©llbor© 
casing. 

FOG. 3c is a fragmentary cross-sectional iustirstton of th® apparatus of FIG. 
5 3b after imiiMfflffir^ the aodal dispteo®nr»nt of th3 ®«p®n»ion ooroa. 

FIG. 3d is a fragmentary cross-sectional illustration of th© apparatus of FIG. . 
3c after completing th® radial expansion of th© ©xpandabll© tubular m©mb©r. 

FIG. 4 is a fragmentary cross-sectional Htetatton of a shock absorbing 
system for us© in the apparatus of FIGS. 1a to 3d. 
10 FIG. 5 is a cross-sectional aiustaitton of a coupling arvamg@m©nt for us© in 

th© expandable tubular members of the apparatus of FOGS. 1a to 3d. 

FOG. 6 is a cross-secttomal illustration of an ©xpandabte tubular member 
having a slotted lower section for use m the apparatus of FOGS. 1a to 3d. 

FOG. 7 is a cross-ssKtfonal illustration of an ©xpandabte tubular member 
15 . havkt® apra^xpand©d upper porto 

FOG. .8 is' a cross-sectional itetr^to of m ©xpandatote tubular manb©r 
having a sfotted upper secfion far us© in the apparatus of FOGS, ia to 3d. 

FIG. 9 is a graphical illustration of a method of .applying an axial force to th© 
expansion cones of the apparatus of FIGS. 1a to 3d. 
20 FIG. 10a is a fragmentary cross-sectional illustration of tth© pHaosment of an 

. apparatus for expanding a tubular member within a mllbor© casing. 

FOG. 10b Is a fragmentary cross-s©cttonal illustration of th© apparatus of FIG. 
10a during th© inj©dton of a non-hardenaW© fluEdic rraterisl Into and out of th© 
apparatus. 

25 FIG. 10c is a fragmentary cross-s©ctronal illustration of th© apparatus of FIG. 

10b during the injection of a haydenabS© fEutdic scaling material! into and out of th© 
•apparatus. 

FOG. 10d is a fragmentary cross-sectional ISIustaaton of th© apparatus of FOG. 
10c after the placement of a valve ticsur© ©Cement onto th© valve passag© of th© 
30 anchoring devSoe of the apparatus. 

FOG. 10© is a fragmentary cross-secffional Illustration of th© apparatus of FIG. 
10d after anchoring th© expandable tubular member off th© apparatus to the wfctlb©?© 
cas&tg. 

FIG. 11 Of is a fragmentary cross-sections! iustafen of the apparatus o? FIG. 
35 1 0e after initiating the axial displacement of th© expansion con©. 
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FIG. 10g is a fragmentary cross-sectional illustration of the apparatus of FIG. 
10e after initiating the axial displacement of the expansion cone by pulling on the 
expansion cone and injecting a pressurized fluid below the expansion cone. 

FIG. 10h is a fragmentary cross-sectional illustration of the apparatus of 
5 FIGS. 10f and 10g after the completion of the radial expansion of the expandable 
tubular member. 

FIG. 10i is a fragmentary cross-sectional illustration of the apparatus of FIG. 
10h after the decoupling and removal of the anchoring device of the apparatus from 
the wellbore casing. 

10 FIG. 11a is a fragmentary cross-sectional illustration of an apparatus for 

coupling an expandable tubular member to a preexisting structure. 

FIG. 1 1b is a fragmentary cross-sectional illustration of the apparatus of FIG. 
1 1a after anchoring the expandable tubular member of the apparatus to the wellbore 
casing. 

15 FIG. 1 1c is a fragmentary cross-sectional illustration of the apparatus of FIG. 

11b after initiating the axial displacement of the expansion cone. 

FIG. 1 1d is a fragmentary cross-sectional illustration of the apparatus of FIG. 
11c after stopping the axial displacement of the expansion cone prior to deactivating 
the anchoring device. 

20 FIG. 1 1e is a fragmentary cross-sectional illustration of the apparatus of FIG. 

1 1 d after deactivating the anchoring device. 

FIG. 1 1f is a fragmentary cross-sectional illustration of the apparatus of FIG. 
11e after initiating the axial displacement of the expansion cone and the deactivated 
anchoring device. 

25 FIG. 1 1g is a fragmentary cross-sectional illustration of the apparatus of FIG. 

1 1f after the completion of the radial expansion of the expandable tubular member. 

FIG. 12a is a fragmentary cross-sectional illustration of an apparatus for 
coupling an expandable tubular member to a preexisting structure positioned within 
a wettbore. 

30 FIG. 1 2b is a fragmentary cross-sectional illustration of the apparatus of FIG. 

12a after expanding the expandable expansion cone in order to anchor the 
expandable tubular member to the wellbore casing. 

FIG. 12c is a fragmentary cross-sectional illustration of the apparatus erf -FIG. 
12b after initiating the axial displacement of the expandable expansion cone. 
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FIG. 12d is a fragmentary cross-sectional illustration of the apparatus of FIG. 
1 2c after completing the radial expansion of the expandable tubular member. 

FIG 13a is a fragmentary cross-sectional illustration of an apparatus for 
coupling an expandable tubular member to a preexisting structure positioned within 
5 a wellbore. 

FIG. 13b is a fragmentary cross-sectional illustration of the apparatus of FIG. 
13a after activating the shape memory metal inserts in order to anchor the 
expandable tubular member to the wellbore casing. 

FIG. 13c is a fragmentary cross-sectional illustration of the apparatus of FIG. 
10 13b after initiating the axial displacement of the expansion cone. 

FIG. 13d is a fragmentary cross-sectional illustration of the apparatus of FIG. 
13c after completing the radial expansion of the expandable tubular member. 

FIG. 14a is a fragmentary cross-sectional illustration of an apparatus for 
coupling an expandable tubular member to a preexisting structure positioned within 
15 a wellbore casing. 

FIG. 14b is a fragmentary cross-sectional illustration of the apparatus of FIG. 
14a after coupling the packer to the wellbore casing. 

FIG. 14c is a fragmentary cross-sectional illustration of the apparatus of FIG. 
14b after initiating the axial displacement of the expandable tubular member towards 
20 the expansion cone. 

FIG. 14d is a fragmentary cross-sectional illustration of the apparatus of FIG. 
14c after radially expanding the end of the expandable tubular member onto the 
expansion cone. 

FIG. 14e is a fragmentary cross-sectional illustration of the apparatus of FIG. 
25 14d after decoupling the packer from the wellbore casing. 

FIG. 14f is a fragmentary cross-sectional illustration of the apparatus of FIG. 
14e after initiating the axial displacement of the expansion cone relative to the 
expandable tubular member. 

FIG. 14g is a fragmentary cross-sectional illustration of the completion of the 
30 radial expansion of the expandable tubular member. 

FIG. 15a is a fragmentary cross-sectional illustration of an apparatus for 
coupling an expandable tubular member to a preexisting structure positioned within 
a wellbore. 

FIG. 15b is a fragmentary cross-sectional illustration of the apparatus of FIG. 
35 15a after coupling the resilient anchor to the wellbore casing. 




FIG. 15c is a fragmentary cross-sectional illustration of the apparatus of FIG. 
. 15b alter initiating the axial displacement of the expansion cone. 

FIG. 15d is a fragmentary cross-sectional illustration of the apparatus of FIG. 
15c after completion of the radial expansion of the expandable tubular member. 
5 FIG. 16a is a top view of a resilient anchor for use in the apparatus of FIG. 

15a. 

FIG. 16b is a top view of the resilient anchor of FIG. 16a after releasing the 
coiled resilient member. 

FIG. 17a is a top view of a resilient anchor for use in the apparatus of FIG. 

10 15a 

FIG. 17b is a top view of the resilient anchor of FIG. 17a after releasing the 
resilient elements. 

FIG. 18a is a fragmentary cross-sectional top view of a resilient anchor for 
use in the apparatus of. FIG. 15a. 
15 FIG. 18b is a fragmentary cross-sectional top view of the resilient anchor of 

FIG. 1 8a after releasing the resilient elements. 

FIG. 19a is an front view of an expandable tubular member including one or 
more resilient panels. 

FIG. 19b is a cross-sectional view of the expandable tubular member of FIG. 

20 19a. 

FIG. 19c is a bottom view of the expandable tubular member of FIG. 1 9a. 

FIG. 20a is a fragmentary cross-sectional illustration of an apparatus for 
coupling an expandable tubular member to a preexisting structure positioned within 
a wellbore. 

25 FIG. 20b is a fragmentary cross-sectional illustration of the apparatus of FIG. 

20a after coupling the anchor to the wellbore casing. 

FIG. 20c is a fragmentary cross-sectional illustration of the apparatus of FIG. 
20b after initiating the axial displacement of the expansion cone. 

FIG. 20d is a fragmentary cross-sectional illustration of the apparatus of FIG. 
30 20c after completion of the radial expansion of the expandable tubular member. 
FIG. 21a is an illustration of the anchor of the apparatus of FIG. 20a. 
FIG. 21b is an illustration of the anchor of FIG. 21a after outwardly extending 
the spikes. 

FIG. 22a is an illustration of the anchor of the apparatus of FIG. 20a. 
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FIG. 22b is an illustration of the anchor of FIG. 22a after outwardly extending 
the spikes. 

FIG. 22c is a cross-sectional illustration of the petals of the anchor of FIG. 

22a. 

5 FIG, 23a is a fragmentary cross-sectional illustration of an apparatus for 

coupling an expandable tubular member to a preexisting structure positioned within 
a wellbore. 

FIG. 23b is a fragmentary cross-sectional illustration of the apparatus of FIG. 
20a after injecting a quantity of a hardenable fluidic sealing material into the open 
10 hole wellbore section proximate the lower section of the expandable tubular 
member. 

FIG. 23c is a fragmentary cross-sectional illustration of the apparatus of FIG. 
23b after permitting the hardenable fluidic sealing material to at least partially cure. 
FIG. 23d is a fragmentary cross-sectional illustration of the apparatus of FIG. 
15 23c after initiating the axial displacement of the expansion cone. 

FIG. 23e is a fragmentary cross-sectional illustration of the apparatus of FIG. 
23d after completion of the radial expansion of the expandable tubular member. 

FIG. 24a is a fragmentary cross-sectional illustration of an apparatus and 
method for coupling an expandable tubular member to a preexisting structure 
20 positioned within a wellbore casing and an open hole wellbore section. 

FIG. 24b is a fragmentary cross-sectional illustration of the apparatus of FIG. 
24a after releasing the packer. 

FIG. 24c is a fragmentary cross-sectional illustration of the apparatus of FIG. 
24b after extruding the expandable tubular member off of the expansion cone. 
25 FIG. 25a Is a fragmentary cross-sectional illustration of an apparatus and 

method for coupling an expandable tubular member to a preexisting structure 
positioned within a wellbore casing and an open hole wellbore section. 

FIG. 25b is a fragmentary cross-sectional illustration of the apparatus of FIG 
25a after injecting a quantity of a fluidic material into the expandable tubular 
30 member having a higher density than the fluid within the preexisting structure 
outside of the expandable tubular member. 

FIG. 25c is a fragmentary cross-sectional illustration of the apparatus of FIG. 
25b after extruding the expandable tubular member off of the expansion cone. 

FIG. 26a is a fragmentary cross-sectional illustration of an apparatus and 
35 method for coupling an expandable tubular member to a preexisting structure. 
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FUG. 26b is a fragmentary cross-sectional illustrate of the apparatus of FOG. 
26a after the initiation of the radial expansion process. 

FIG. 26c is a fragmentary cross-sectional illustration of the completion of the 
radial expansion process using the apparatus of FIG. 26b. 
5- FIG. 27 is a flow chart illustration of a method of coupling an expandable 

tubular to a preexisting structure. 

FIG. 28 os a cross-sectbnal illustration of an expandable tubular cropfed to a 
preexisting structure using an expansion one. 

FIG. 29 is a cross-sedconal Mustrafon off the subsequent appJteatani of (radial 
10 pressure to the expandable tubular member of FIG. 28. 

Detailed Descripfcn 

Referring initially to FIGS, 1a t 1b, 1c, 1d, 1®, if and 1g, a method and 
apparatus for coupling an expandabfe tubular member to a preexBstSrcg stosctas) wall 
be described. Referring, to Rg. 1a, a raster® casiing 100 is posfitoed wfthin a 

15 subterranean formation 105. The rcellbor© rasing 100 may be posofarcsd in any* 
orientation from the vertol direction to the horizcntaJ dir©cfen. The raallborQ casing 
100 further inciludes one or mm© openings 110 that may have bsan the mssu3t of 
unintentional damag© to the weUbcra casang 100, or dra to a prior perforate) or 
fracturing operation performed upon the surounding subterranean ffcrmafen 105. 

20 As will be recognized by persons having end toy ski in th® ®rt, fihxe openings 110 
ran adverseSy affect the subsequent operation and us© of the weMboyte casilmg 1100 
unless they are seated off. 

An apparatus 115 is utilised to ©sal off the openings 110 in (the raslUbora 
casing 100. More generaHy, the apparatus 115 bs prefer® bfy yfcsd to torn or 

25 repair ttfeJIbor© casings, pIpeBnes, or structural supports. 

The apparatus 1 15 preferabiy includes a first support msmnb^r 120, a s&oond 
.support member 125, an expansion rone 130, an msfcorircg dsvto© 135, and 
expandabte tubular member 140, and one or mans sealing mambora 145. 

The fet support member 120 preferabty adapted to be ooupSsd to a 

30 surface tocaton. The ffsrst support member 120 & further ooupted to the anchoring 
devfoe 135. The first support member 120 is prafersbSy adapted to omnvay 
pressurized flukJfc materiaJs and/or eSeetrfcal current and/or oommuntetten sJgnals 
from a surface location to the anchoring dsvto 135. The first support member 120 
may, for eaampte, be conventional commsrcsaffiy avatebte slicft wire, brattiksd wire, 

35 coKed tubing, or drilling stock material. 
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The second support member 125 is preferably adapted to be coupled to a 
surface location. The second support member 125 Is further coupled to She 
expansion cone 130. The second support member 125 is preferably adapted to 
permit the expansion cone 130 to be axially displaced relative to the first support 
5 member 120. The second support member 125 may, for example, be conventional 
commercially available sBck wire, braided wire, colled tubing, or drilling stock 
material. 

The expansion cone 130 is coupled to the second support member 125. The 
expansion cone 130 Is preferably adapted to radially expand the expandable tubuter 
10 member 140 when the expansion cons 130 is axtelly displaced rslstiv© to the 
expandable tubular member 140. 

The anchoring device 135 is coupled to the first support member 120. The 
anchoring devloe 135 is preferably adapted to be controllably coupled to the 
expandable tubular member 140 and the wellbore casing 100. In this manner, the 
15 ' anchoring device 135 preferably contraMably .anchors the expandable . tubular 
member 140 to the wellbcre casing 1.00 to fedtato the radial expansion of She 
expandable tubular member 140 by the axial displacement of the expansion cone 
130. The anchoring devioa 1 35 includes ens or more expandable elements 1 50 that 
are adapted to controllably extend from the body of the anchoring devtos 135 to 
20 engage both the expandable Subuter member 140 and the walibore casing 100. The 
expandable elements 1 50 are actuated using fluSdte pressure. The anchoring device 
135 is any one of the hydraulically actuated packers commercially available from 
HaCSburton Energy Services or Baker-Hughes. 

The expandable tubular member 140 Is removably coupled to the. expansion 
25 cone 130. The expandable tubular member 140 Is further preferably -adapted to be 
removabJy coupled to the expandable element 150 off She anchoring device 135. 
The expandable tubular member 140 IncSudes one or more anchoring window® 155 
for permitting She expandable elements 150 off She anchoring device 135 to engage 
the wellbore casing 100 and the expandabls tubuter member 140. 
30 The expandable tubular member 140 further Includes a lower section 1®0, an 

intermediate section 165,' and an upper section 170. The lower section 100 includes 
the anchoring windows 155 in osder to provide anchoring at an end portion off She 
expandable tubular member 140. The wall thickness of the tower and intermediate 
sections, 100 and 165. are toss than the wall thickness off the upper section 170 in 
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order to optimally couple the radially ©xpand©d portion of the expandable tubular 
nrambar 140 to tho welibw© raison® HOO- 

The sealing members 145 air© coupSed to the outer surfoc© of the upper 
portion 170 of the expandable tubuiar member 140. Th© sealing members 145 air© 
5 preferably adapted to engage and fluEdicly s©al th© interface betesen th© radiaJly 
expand ©xpandabi© tubular iro©mb©r 140 and th© wellbor© rasing 100. The 
apparatus 115 includes a plurality of sealing members 145. Th® scaling members 
145 surround and isolate the opening 110. 

As illustrated in FIG. 1a, th© apparatus 11 15 5s preferably positioned within the 

10 wetta® rasing HOO with the expandable tubular member 140 positioned in 
opposing relation to the opening 110. The apparatus 115 indud©s a plurality of 
sealing member 145 that are positioned above and betew the openong 110. On this 
manner, the radial expansion of th© ©xpandabb tubular memfeer 140 optimally 
fiuidkSy isolates the opening 110. 

'15 ' " As illustrated in FUG. 1b/ th© apparatus 115 is fhan.andtotod to the weHbora 
easing 100 using the anchoring d@v5c® 135. The anchoring devtoa 135 is 
pressurized and the expandable ©lement 150 5s extended from th© anchoring dswfeo 
135 thmucgh th© corresponding anchoring window 155 fin the expandable tubu3or 
member 140 into intimate contact w3th th© raeJItoor© casing 1C0. In tWs manner, {he 

20 lorcer sisctton 160 of th© expandable tubular member 140 is removably oouptsd to 
th® wellborn casing 100. 

A compressobt© cement and/or ©poxy 5s then injected into th© annular space 
between Ah© un©xpand©d portion of th© tubular memb©r 140 and th© welibm© oasSng 
100. Th© compressible cement and/or ©poxy is then permitted to at least partially 

25 cure prior to th® initiatteri of th© radial expansion praosss. In this manner, an 
annular structural support 'and fftuidic' seal fe provided around th© {tubular m©mber 
140. 

As illustrated in FIG. 1c, the expansion oone 130 is then axialty dispteosd by 
applying an axial force to the second support member 125. Th© axial displacsmsnt 
30 of the expansion con© 130 radially expands th© expandabte tubular member 140 
into intimate contact with the walls off the wellbor© rasing 100. 

As illustrated in FOG. 1d, th© axial dispOaoemsnt of (th© expansion cone 130 is 
enhanced by injecting a pressurized flucdic material into the annular space betrcsen 
the first support member 120 and th© second support member 125. In ih© manner, 
35 an upward axial force is applied to the toussr annular face of th© expansion cone 130 



using the pressurized ffluidic material. In this manner, a temporary need for 
increased axial force during the radial expansion process can bs easily satisfied. 

As illustrated in FIGS. 1e, Iff, and 1g, after the expandable tubular member 
140 has been radially expanded by the axial displacement off the expansion cone 
5 130, the first support member 120 and the anchoring device 135 are preferably 
removed from expandable tubular member 140 by de-pressurizing the anchoring 
device 135 and then lifting the first support member 120 and anchoring device 135 
from the wellborn casing 100. 

As illustrated in FIG. 1g, The opening 110 in the wetlbora casing 100 is 
10 sealed off by the radially expanded tubular member 140. In this manner, repairs to 
the wellborn casing 100 are optimally provided. More generally, the apparatus 115 
is used to repair or form wellbore casings, pipelines, and structural supports. 

Referring to FIGS, 2a, 2b, 2c, 2d, 2e and 2f, a method and apparatus for 
coupling an expandable tubular member to a preexisting structure will bs described. 
• 15 Referring to Fig. 2a, a wellbore casing 200 and an open note wellbore' section 205 
• are positioned within a subterranean fcmtaffion 210. The wellbore casing 200 and 
. the open hole wellbore section 205 may be positioned in any orientation from the 
vertical direction to the horizontal direction. 

An apparatus 215 Is utilized to couple an expandable tubular member to an ' 
20 end portion of tie weBbcre casing 200. In this manner, the open hole wellbore 
section 205 is provided with a cased portion. More generally, the apparatus 215 is 
preferably utilized to form or repair weflbore casings, pipelines, or structural 
supports. 

The apparatus 215 preferably includes a first support member 220, a second 
25. support member 225, an expansion con® 230, an anchoring device 235, an 
expandable tubular member 240, one or more upper sealing members 245, one or 
more lower sealing members 250, and a flexible coupling element 255. 

The first support member 220 is preferably adapted to be coupisd to a 
surface location. The first support member 220 is further coupled to the anchoring 
30 device 235. The first support member 220 is preferably adapSad to convey 
pressurized ffluidic materials and/or electrical current and/or communication signals 
from a surface location to the anchoring device 235. Ths first support member 220 
may, for example, bs conventional coromerciany available slick wire, braided wire, 
co3ed tubing, or drilling stock material. 
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The second support member 225 is preferably adapted to be coupled to a 
surface location. The second support member 225 Is further coupled to She 
expansion cone 230. The second support member 225 is preferably adapted to 
permit the expansion cone 230 to be axially displaced relative to the first support 
5 member 220. The second support member 225 may, for exampte, b® conventional 
commercially available slick wire, braided wire, colled tubing, or drilling stock 
material. 

The support member 220 is tetescopteally coupled to the support member 
225, and the support member 225 is coupled to a surface support structure. 
DO Ths expansion oona 230 is couplad to ths s©corsd support minuter 225. The 

expansion cone 230 is preferably adapted to radially expand the expandable tubular 
member 240 when the expansion oone 230 is axially displaced reJattv© to toe 
expandable tubular member 240. 

The anchoring device 235 Is coupled to toe first support member 220. The 
15 • anchoring device 235 Is preferably adapted. to be controllabty. coupled to the 
expandable tubular member 240 and . the open hole weltoe section 205. In this 
manner, the anchoring device 235 preferably controMabSy anchors the expamdabl® 
tubular member 240 to the open hole wellbore section 205 to facilitate' th® radial! 
expansion of the expandable tubuJar member 240 by the axial dteptacemsnt off th® 
20 expansion cone 230. The anchoring device 235 Includes one or more expandable 
elemente 260 that are adapted to controMably extend 

device 235 to engage both the flexible coupling element 255 and the open hot® 
weHbore' section 205. The expandable elements 260 are actuated using fluldic 
pressure. The anchoring device 235 is any one of the hydraullcatiy actuated 
25 packers commercially available from Halliburton Energy Services or Baker-Hughes. 

The expandable tubular member 240 is removably coupled to the expansion 
oone230. The expandable tubular member 240 is further preferabiiy coupled to th® 
flexible coupling element 255. 

The expandable tubular member 240 further Includes a tower section 235, an 
30 intermediate section 270, and an upper section 275. The tower section 285 b 
coupled to the flexible coupling element 255 in order to provide anchoring at an end 
portion of toe expandable tubular member 240. The wall thickness of toe Cower and 
intermediate sections, 265 and 270. are less than toe wall thickness of to® upper 
section 275 in order to optimally couple toe radially expanded portion of th® 
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expandable tubuiar member 240 to the wellbor© rasing 200 and me open hot® 
wellbore section 205. 

The upper sealing members 245 are coupled to the outer surface of the 
upper portion 275 off the expandable tubutar metnrcber 240. The upper seating 
5 members 245 are preferably adapted to engage and fluMdy seal the interface 
between the radially expanded expandable tubular member 240 and the weltane 
casong 200. The apparatus 215 includes a plurality of upper seating member 245. 

The lower sealing mantes 250 are coupled to the oyter surface of the 
upper portion 275 of the expandable tubular member 240. The lower sealing 
10 members 250 are preferably adapted to engage and ffluSdidly seal the interfaces 
between the radially expanded expandable tubular member 240 and the open 
wellbme sectfon 205. The apparatus 215 indudes a plurality of tower seating 
members 250. 

The flexible coupling element 255 is coupfed to the lower portton -285 of the 

'15 expandable tubular member 240. The "flexible coupling element 255 Is pneforaWy 
adapted to radially expanded by the anchoring device 235 into engag&romrt w»n 
the walls of the open hote wellbore sedion 205. In this manner, the to^r porton 
265 of the expandable tubular member 240 is ooupted to tflue wafe of the cpsm hote 
weKbore section 205. The ftexibO© ooupKng element 255 lis a stoited tubular 

20 member. The flexible-coupling element 255 indludes one or more hook elements for 
engaging the walls of the open hote weHIbore section 205. 

As illustrated in FIG. 2a, the apparatus 215 is pnsferabDy positioned wafifo the 
expandable tubullar member 240 posotfaned in overtopping relate vMn a pmfeni off 
the wellborn rasing 200. In this manner, the radially expanded tabular member 240 

25 is ooup!ed to the tower portion of the weJIbore casing 200. * The upper seeing 
members 245 are positioned in opposing reJatcon to the tower portion off the wellbor© 
rasing 200 and .the tower sealing members 250 are positarced in opposing nedatton 
to the walk of the open hote wellbor© section 205. In this manner, the 5nt©rf®oe 
between the radiatJy expanded tubular member 240 and Wva weibora casitng 200 

30 and open hole wefflboff© section 205 is optimally fluidiciy sealed. 

As illustrated bi FOG. 2b, the apparatus 215 is them anchored to the open 
hote wellbore sectilon 205 using the anchoring device 235. The anchoring device 
235 is pressurized and the expandabte element 280 is radially extended from th® 
anchoring device 235 causing the flexible coupling etement 255 to radHaUy expand . 

35 into intimate contact with the weSs of the open ftoie weSlbcT© secSion 205. In this 



manner, the lower section 265 of the expandable tubular member 240 is removably 
coupled to the walls of the open hoJe wellbome sectcon 205. 

A compressible cement and/or epoxy is then injected Into the annular space 
between the unexpended portion of the tubular member 240 and the \aeSibcr© casing 
5 100 and/or the open hote welfare sector* 205. The ccmppsss&bSe cement and/or 
epoxy is then permitted to at least partiality eyre prior to the inffiatoi of tfcn radial 
expansion proosss. On this manner, an annular structural support and ffiusdte seal is 
provtded around the tubular member 240, 

As illustrated in FIG. 2c, the expansion cone 230 is th®n axBSflly displteosd by 
10 applying an axial force to the second support member 225. The axial displacement 
of the expansto cone 230 radially expands the expandable tubular menntar 240 
into intimate contact with the watts of the open hole wellbore secBcn 205. 

As illustrated in FOG. 2d ? the axial dispteoementt of the expansion concD' 230 5s 
enhanced by Meeting a -pressurized fiukSic material into the annular spaoa tafcsoen 
15 the first support member 220 and the second support member 225. In Wa'mcwfiar, 
■ an i^rdarial force is applied to ^ 

using the pressurized ffWdic material. In this manner, a temporary n&sd for 
increased axial force during the radial expansion process ran be easily safefcd. 

As illustrated on FOGS. 2e and 2ff, after the expandable tubuter mentor 240 
20 has been radially expanded by the axial displacement of the expansion caxm 230, 
the first support member 220 and the anchoring device 235 are preferably iramovsd 
from expandabte tubular member 240 by de-pressurizing the anchoring d@vfoe 235 
and then lifting the first support member 220 and anchoring de^ffee 235 ton the 
welfare casing 2C0 and the open hote welfare section 205. 
25 Referrirtg to FUGS, 3a, 3b, 3c f and 3d, a method and apparatus for coupling 

an expandable tubular member to a pmeex5st8ng structure wall be described. 
Referring to Ffg. 3a, a wellborn rasing 300 5s positioned within a subterranean 
formation 305. The wetfare casing '300 may be posJitonod tn any orienteito ton 
the vertical direction to the horizontal dirocBoa The wellbose casing 300 further 
30 indudes one or more openings 310 that may have been the rtssuffi of unintentional 
damage to the wellbor© raising 300, or due to a prior perforation or fearing 
operatton performed upon the sumrounding subterranean formation 305. As will be 
recognized by persons having ordinary sttSS in the art, the openings 310 ran 
adversely affect the subsequent operation and us© of the welfare casing 300 
35 unless they are seated off. 
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An apparatus 315 is utilized to seal off the openings 310 in the wellbore 
, casing 300. More generally, the apparatus 315 is preferably utilized to form or 
repair rceltbOTB casings, pipelines, or structural supports. 

The apparatus 315 praferabty include a support member 320, an expansion 
5 cone 325, an anchoring devcoe 330, an expandable tubular member 335, and one or 
mora sealing members 340. • ■ 

The support member 320 is prefferabSy adapted to be coupled to a surface 
location. The support member 320 is further eoupted to thQ expansion oone 325 
and ihe anchoring device 330. The support member 320 is preferably adapted to 
10 oonvey pressurized fluidic materials and/or electrical current and/or communication 
signals ton a surface location to the anchoring dovic® 330. The support member 
320 may, for example, be conventional commercially available slick wire, braided 
wire, coiled tubing, or drilling stock material). 

The expansion oone 325 &$.ooupt@d to the support member 320. The 
1 5 expansion cone 325 6s preferably adapted to radially expand the expandable tubutar ' 
member 335. when toe expansion ©snQ 325 is axy ly displace wtofam to thQ 
expandable tubular member 335. 

The anchoring devio® 330 is couptsd to the .support member 320 &nd the 
expansion cone 325. The anchoring device 335 lis preferably adapted to conS©5teb{y 
20 coupted to the expandable tubuJar (nrcamtar 335 to the ^tboms rasing 300. In this 
manner, the anchoring device 330 preferably oontroSSabJy anchors the expendable 
tubular member 335 to the weMbons casing 300 to facitate the radial ©xprac^ of 
the expandable tubular member 335 by the axial displacement of the e^c^oton 
con© 325. The anchoring device 330 imcJud©s one or mora exparadabSe (si^ronts 
25 345 that are adapted to controllablly extend from the body of the anchoring <&>vfee 
330 to radially displaoe corresponding engagement (dements 350 provided in the 
expandabte tubular member 335. ■ Th© radial displacement of the engagement 
elements 350 couples the expandable (tubMtar member 335 to the v^etSbora casing 
300.. The expandable elements 345 a?® pistons that are aduatod using flutdec 
. 30 pressusre. The anchoring device 330 lis any one of She hydrauKcaliy actuated 
anchoring dev&oes commercially available ta Halliburton Energy Services or 
Baker-Hughes. 

The expandable elements 345 are explosive devices that controllably 
generate a radially directed exptosiv® force for radially disputing the engagement 
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elements 350. The explosive expandable elements 345 ana shaped explosive 
charges commercially available from Halliburton Energy Services. 

The expandable tubular member 335 Is removably coupled to the expansion 
rone 325. The expandable tubular member 335 includes one or mom engagement 
5 devices 350 that are adapted to be radially displaced by the artctowtg devtos 330 
into engagement with the walls of the wellbore casing 300. fa this manner, She 
expandable tubular member 335 is coupled to the weHbme casing 200. The 
engagement devices 350 incJude teeth for biting into the surface of the wsDtare 
easing 100. 

10 The expandabte tubular member 335 further includes a torcar s®cten 355, an 

intermediate section 3S0, and an upper sectton 335. The tower sectfon 355 fendludes 
the engagement device 350 in order to provide anchoring at an end porta off the 
expandable tubular membsr 335. The wall ttofckness of the ta&er and intomedtott© 
sections, .355 and 3S0, are less than the waH thkfcrcess off the upper seetam 385 on 
15 order to optimally couple the radially expamteJ portion of' the'expandato Wbufer 
msmtor 335 to the ^llbor© casing 300. 

The sealing members 340 are coupted to the cuter surfeos of to upper 
portfon 3S5 of the expandable tubular member 335. The sealing member 340 &m 
preferably adapted to engage and fluidicSy seal the interface betesen the r&*% 
20 expanded expandabte tMbuJar member 335 and the wellborns cs§5ng 300. Yfaa 
apparatus 315 includes a plurality of sealing members 340. The sealing members 
340 surround and tsotete the opening 31 0. 

As illustrated in FUG. 3a, the apparatus 315 is preferably positoisd within the 
vtfefltare rasing 300 with the expandabte tubular member 335 po@Jtfon&d in 
25 opposing tretafen to the opening 310. The .apparatus 315 tncSuds© a plursHty off 
sealing members 340 that are positioned above and betow Ohe cpoztft® 310. In this 
manner, the radial expansfon of the expandabte tubular member 335 opttmsMy 
ffluididy osoSates the opening 31 0. 

As illustrated in FIG. 3b, the expandable tybuter member 335 off the 
30 apparatus 315 is then anchored to the weKbore casing 300 us&tg the anchoring 
device 330. The anchoring device 330 is pressurised and the expandable ©Cement 
345 is extended from the anchoring devtos 330 and radsalSy dtspfeoes the 
corresponding engagement elements 350 of the expandabte tubuter member 335 
into intimate contact with the wellbora cassng 300. In fihss manner, the tow©r §ectton 
35 355 of the expandable tubular member 335 is coupled to the weltbore casmg 300. 

20 
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A compressible cement and/or epoxy is than injected into the annular space 
between the unexpended portion of the tubular member 335 and the wellbore casing 
300. The compressible cement and/or epoxy Is then permitted to at least partially 
cure prior to the initiation of the radial expansion process. In this manner, an 
5 annular structural support and fluldic sea! is provided around the tubular member 
335. 

As illustrated in FIG. 3c, the anchoring device 330 is then deactivated and 
the expansion cone 325 is axialty displaced by applying an axial fore® to the support 
member 320. The deactivation of the anchoring device 330 causes the ©xpandabte 
10 elements 345 to radially retract Into the anchoring device 330. Altemstivety, the 
expandable elements 345 are resilfently coupJed to the anchoring dovtoe 330. In 
this manner, the expandable elements 345 retract automatically upon the 
deactivation of the anchoring device 330. The axial displacement of the expansion 
cone 325 radially expands the expandable tubular member 335 into intimate contact 
15 with the walls of the weUbore casingSOO. • ■' 

As illustrated in FIG. 3d. after the expandable tubular member 335 has been 
. radially expanded by the axial displacement of the expansion cone 335, to support 
member 320, expansion cone 325, and the anchoring device 330 are preferably 
removed from the expanded expandable tubular mente335. 
20 The opening 310 In the wellbcxe casing 300 is seated off by the radially 

expanded tubular member 335. In this manner, repairs to the waltbor® casing 300 
are optimally provided. More generally, the apparatus 315 is used to repair or form 
wellbore casings, pipelines, and structural supports. 

Referring to FIG. 4, a system 400 for applying an axial force to the expansion 
25 cones 130, 230. and 325 includes a lifting device 405. a first support member 410. a 
shook absorber 415. and a second support member 420. The system 400 Is 
adapted to minimize the transfer of shook loads, created during the completion of 
the radial expansion of tubular members by the expansion oortss 130. 230. and 325, 
to the lifting device 405. In this manner, the radial expansion of tubular member© by 
30 the expansion cones 130, 230 and 325 is provided in an optimalty safe manner. 

The lifting device 405 Is supported at a surface location and te ooupted to the 
first support member 410. The lifting device 405 may comprise any number of 
conventional commercially available BTCng devices suitable for manipulating tubular 
members within a wellbore. 
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The first support member 410 is coupled to the lifting device 405 and the 
shock absorber 415. The first support member 410 may comprise any number of 
conventional commercially available support members such as, for example, coiled 
tubing, a drill string, a wireline, braided w5ra, or a slick line. 
5 The shock absorber 415 is coupled to the first support member 410 and the 

second support member 420. The shock absorber 415 is preferably adapted to 
absorb shock loads transmitted from the second support member 420. The shock 
absorber 415 may be any number off conventional commercially available shock 
absorbers. 

10 The second support member 42© is coupled to the shock absorber 415. The 

second support member 420 is further preferably adapted to be eoupted to one or 
more of the expansion cones 130, 230 and 325. 

During operation of the- system 400, the lifting devtoe applies an axial force to 
one of the expansion cones 130, 230. and 325 in order to radially expand tubular 

15 members. Upon the" completion of the radial expansion process, when (the 
expansion cones 130, 230 and 325, exit the radially expanded tubular membere, the 
sudden shock loads generated aire absorbed, or at least minimised, by the shock 
absorber 415. In this manner, the radial expansion off tubular members by pulling 
the expansion cones 130, 230 and 325 using the lifting device 405 os provided in an 

20 optimally safe manner. 

Referring to FIG. 5, a coupling system SCO for use in the expandable tubuiar 
members 140, 240, and 335 will now be described. The system SCO includes an 
upper ring 505. a sealing element 510, and a tower ring 515. The upper ring 505, 
the sealing element 510, and the lower ring 515 are provided on the outer surfeees 

25 of the expandable tubular members 140, 240. and 335. In this manner, when the 
expandable tubular members 140, 240 and 335 are radially expanded, the upper 
ring 505, the sealing element §10, ■ and ihe tower ring 515 engage the interior 
surface of the preexisting structure that the expandable tubular members 140, 240 
and .335 are coupled to. The upper and tower rings. 505 and 515, penetrate the 
.30 interior surface off the preexisting structure that the expandable tubular members 
140, 240 and 335 are couptsd to in order to optimally anchor the tubular members 
140, 240 and 335 to the preexisting structure. The sealing element 510 @ 
compressed into contact with the interior surface off the preexisting structure that the 
expandable tubular members 140, 240 and 335 are eoupted to In order to optimally 
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flukiicly seal the interface between the tubular members 140. 240 and 335 and the 
preexisting structure. 

The upper and tower rings, 505 and 51 5. extend from the outer surfaces off 
the tubular members 140, 240 and 335 by a distance off about 1/84 to % inches. 
5 The upper and tower rings. 505 and 51 5. extend about 1/8° from the outer surfaces 
of the tubular members 140, 240. and 335 in order to optimally engage the 

preexisting structure. 

The sealing element 510 extends from the outer surfaces of the tubular 
members 140. 240 and 335 by a distance substantially equal to the extension off the 
10 upper and tower rings. 505 and 515. above the outer surfaces of the tubular 
mentos 140, 240 and 335. The sealing element 510 is fabricated from robber in 
order to optimally fluidicSy seal and engage the preexisting structure. 

The tubular members 140, 240 and 335 include a plurality of the coupling 
systems 500. The coupling systems 500 are provided on the lower, intermediate. 
15 and upper pcrttonsof the tubular members 140, 240, and 335. 

Referring now to FIG. 6. an expandable tubular member 800 for use In the 
apparatus 115. 215 and 315 will be described. The tubular member 800 preferably 
includes a tower portion 605. an intermediate portion 610, and an upper portion 615. 
The tower portion 605 is coupled to the intermediate portion 610. The tower 
20 portion 805 is further adapted to mate with the anchoring devices 135, 235, and 330. 
. The tower portion 805 further preferably includes one or more slotted portions 620 
for facilitating the radial expansion off the tower portion 605 by the anchoring devices 
135, 235, and 330. On this manner, the lower portion 605 off the tubular member 600 
is preferably radially expanded by the anchoring devices 135. 235, and 330 into 
25 contact with the preexisting strocture. Furthermore, in this manner, the tower portion 
605 of the tubuter member 600 is anchored to the preexisting structure prior to She 
initiation of the radtej expansion process. 

The intermediate portion 610 Is coupled to the tower portion 60S' and the 
upper portion 615. The wall thicknesses off the lower and intermediate portions. 605 
30 and 610. are toss than the wall thickness off the upper portion 615 in order to 
fodtttate the radial expansion off the tubular member 600. The tower and 
intermediate portions. 605 and 610. are preexpanded to mate with the expansion 
cons. 

Referring to FIG. 7. an expandable tubular member 700 for use in the 
35 apparatus 115. 215 and 315 will be described. The tubular member 700 minimizes 
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the shock loads created upon the completion of the radial expansion process. The 
tubular member 700 includes a tower portion 705, a tower transtttonary portion 710, 
an intermediate portion 715, an upper transtttonary portion 720, an upper portion 
725, and a sealing element 730. 
5 The lower portion 705 is coupled to the tower traditionary portion 710. The 

tower portion 705 is preferably adapted to mate wHh the expansion cone and the 
anchoring device. 

The tower transtttonary portion 710 is coupled to the tower portion 705 and 
the intermediate portion 71 5. The tower transtttonary portion 710 is adapted to mate 

10 with the expansion cone. The wall thicknesses of the tower portion 705 and the. 
lower transtttonary portion 710 are less than the wall thicknesses of the intermediate 
portion 715, the upper transtttonary portion 720 and the upper portion 725 In order to 
optimally facilitate the radial expansion process. 

The intermediate portion 715 is coupled to the tower transtttonary portion 710 

15 and the upper transtttonary portion 720. The outside diameter of the intermediate 
portion 715 is less than the wall thicknesses of the tower portion 705 and the upper 
portion 725. 

The upper transtttonary portion 720 is coupled to the intermediate portion 
71 5 and the upper portion 725. 

20 The upper portion 725 is coupled to the upper transtttonary portion 720. 

The sealing element 730 is coupled to the outside surface of the 
intermediate portion 715. The outside diameter of the sealing element 730 is less 
than or equal to the outside diameter of the tower portion 705 and the upper portion 
725 In order to optimally protect the sealing element 703 during placement of the 

25 tubular member 700 within the preexisting structure. 

During the radial expansion of the tubular member 700 using the apparatus 
115, 215 and 315, the preexpanston of the upper transtttonary portion 720 and the 
upper portion 725 reduces the shock loads typically created during the end portion 
of the radial expansion process. In this manner, the radial expansion process is 

30 optimally provided in a safe manner. Furthermore, because the sealing element 730 
is preferably recessed below the surfaces of the tower portion 705 and the upper 
portion 725, the sealing element 730 is optimally protected from damage during the 
placement of the tubular member 700 within the preexisting structure. 
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Referring to FIG. 8 t an expandable tubular member 800 for us® in the 
apparatus 1 15, 215 and 315 will be described. The tybular member 800 preferably 
includes a Cower portion 805, an intermediate portion 810, and an upper portion 815. 
The lower portion 805 is coupled to the intermediate portion 810. The tower 

5 portion 805 is further adapted to mate with the expansion cones 130, 230, 325 and 
the anchoring devices 135, 235, and 330. The intermediate portion 810 is coupled 
to (the lower portion 805 and the upper portion 815. The wall thicknesses of the 
lower and intermediate portions, 805 and 810, are less than the wall thickness off the 
upper portion 815 in osder to facilitate the radial expansion off the tubular member 

10 800. The lower and intermediate portions, 805 and 810, are preexpartded to mate 
with the expansion cone. 

The upper portion 815 is coy pied to the intermediate portion 810. The upper 
portion 815 further preferably includes one or more slotted portions 820 for 
facilitating the (radial expansion of the upper portion 815 by the expansion oones 

15 1 30, 230, and 325. In this manner, the upper portion 81 5 .off the tubular member 800 
is preferably radially expanded by the expansion cones 130, 230, and 325 with 
minimal shock loads when the expansion cones 130, 230 and 325 Qxit the- 
expandable tubular member 800. 

Referring to RG. 9, a method of applying an axial force to the expansion 

20 cones 130, 230, and -325 will now be described. The axial displacement off the 
expansion cones 130, 230, and 325 during the radial expansion process is provided 
by applying an axial force to the expansion cones 130, 230, and 325. Th® sxfial 
force provided indudes the application of a substantiality constant axial faros to- 
some time periods and the application of increased axial force for other time periods 

25 in order to optimally facilitate the radial expansion process by minimizing the ©ffecis 
of friction. The application of the increased axial force is. provided on a periodic 
basis in order to optimally provide a variable contact area between the expansion 
cone and the tubular member being expanded. The application of the increased 
axial tooe is provided on a random basis in c?der to optimalty provide a variabte 

30 contact area between the expansion cone and the tubular member being expanded. 
The duty cycle of the application of constant and increased axial forces rartgos from 
about ©0/1 0 % to SO/40 % in order to optimally radially expand the tubular members. 
The ratio of the increased axial force to the substantially constant axial force ranges 
from about 1.5 to 1 to about 4 to 1 in order to cptcmalSy provide a variable contact 

35 ansa between the expansion cone and the tubular member being expanded, 

25 



o O O o 
o o o o 

© O to 

o o 
o o o 



0 o 
O o 
OOQ o o 

o o o 
o 



t o 

a o o 

0 0 0 o 

0 0 o o o 

0 O O 

O o 



promote mora ©van wear of the expansion con®, and clean debris from the 
expansion cone surface. 

Referring to FIGS. 10a to 10i, an apparatus and method for forming a 
weWbore casing will now be described. As illustrated in FOG. 10a. a wellborn casing 
5 1000 and an open hole wellbore section 1005 are provided in a subterranean 
formation 1010. The wellborn casing 1000 and open hole wellbcro section 1005 
may be orientated at any orientation ranging from the vertical to the horizontal. A 
new section of wellbore casing is formed In the open hole weWbar® section 1005 
using an apparatus 1015. Mom generally, the apparatus 1015 Is uffliaed to form .or ■ 
1 0 repair wellborn casings, pipelines, or structural supports. 

The apparatus 1015 preferably includes a first support member 1020, a 
second support member 1025, an expansion cone 1030. an anchoring device 1035. 
an expandable tubular member 1040. one or mom upper sealing members 1045. 
one or more tower sealing members 1050, and a flexible coupling element 1055. . 
15 The first support member 1020 is preferably adapted .to b® coupled to a 

surface location. The first support member 1020 is further coupled to the anchoring 
device 1035. The first support member 1020 is preferably adapted to convey 
pressurized fluidic materials and/or electrical current and/or ownmunication signals 
from a surface location to the anchoring device 1035. The first support member 
20 1020 may, for example, be conventional commercially available slick wire, braided 
wire, coiled Cubing, or driHsng stock material. 

The second support member 1025 is preferably adapted to be coupled to a 
surface location. The second support member 1025 Is further couptsd to the 
expansion cone 1030. The second support member 1025 is preferably adapted to 
25 permit the expansion cons 1030 to be axially displaced relative to the first support 
member 1020. The second support member 1025 may. for example, be 
.conventional commerciaQy available slick wire, braided wire, coiled tubing, or drilng 
stock material. 

The support member 1020 is telesoopically coupled to the support member 
30 1025. and the support member 1025 is coupled to a surface support member. 

The expansion cons 1030 is coupled to the second support member 1025. 
The expansion cone 1030 is preferably adapted to radially expand the expandable 
tubular member 1040 when the expansion cone 1030 is axially displaced relative to 
the expandable tubular member 1040. 
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The anchoring device 1035 is couptsd to the first support member 1020. 
The anchoring devios 1035 is preferably adapted to be controftabiy coupled to the 
expandable tubular member 1040 and the open bote weHbore section 1005. In this 
manner, the anchoring device 1035 preferably controltebSy anchors the expandable 
5 tubuSar member 1040 to the open hole wellbore section 1005 to fac«ate the radial 
expansion of ihe expandable tubular member 1040 by the axial displacement of the 
expansion cone 1030. 

The anchoring device 1035 includes one or more expandable elements- 1080 
that are adapted to controfebfy extend from the body of the anchoring device 1035 
10 to engage both the flexible coupling element 1055 and the open hole wellbore 
section 1005. The expandable elements 1CS0 are actuated using flukftc pressure. 

The anchoring device 1035 further includes a fluid passage 1038 adapted to 
receive a ball plug or other similar valving element In this manner, fJuldic materials 
can be exhausted from the anchoring device 1035 and She fluid passage 1038 can 
15 be controllably plugged. The anchoring device 1035 is- any one of the hydraullcaHy 
■ actuated packers commercially available from l^burton Ene^ Services or Bsxer- 
Hughes, modified In ao&mianoe with the teschcngs of the present dtec5o@ure. 

The anchoring devices 135, 235. and 330 are also modified to ondudes a 
fluid passage that can be controllably plugged in cider to permit flufdlc materials to ' 
20 be exhausted from the anchoring devices 135, 235, and 330. 

The expandable tubular member 1040 is removably coupled to She 
expansion cone 1030. The expandable tubular member 1040 is further preferably 
coupled to the flexible coupling element 1055. 

The expandable tubular member 1040 further includes a lower sector, 1035, 
25 an intermediate section 1070, and an upper section 1075. The lower sector, 1085 
is coupled to the flexible coupling element 1055 5n order to provide anchoring at an 
end pcrtfon of the expandable tubular member 1040. The ws8 themes© off the 
tower and intermediate sections, 1085 and 1070, are less than the wall thickness of 
the upper section 1075 in order to optimally couple She radially expanded portion of 
30 the expandabte tubular member 1040 to the wellbcre casing 1000 and the open 
hote wellbore section 1005. 

The expandable tubular member 1040 is further provided in accordance with 
She teachings of expandable tubular members described above and illustrated in 
FIGS. 5-8. 



27 



« 0 

° o o O 

O 0 0 O 
o o O O 
O o 
o o o 



o o 
» e 
o o o o o 
o 0 o 



o 0 

0 0 0 

9 0 0 O 

0 o o O o 

0 O o 

© o 



The upper seating members 1045 are coupled to the outer surface of the 
upper portion 1075 of the expandable tubular member 1040. The upper seating 
members 1045 are preferably adapted to engage and! flluidicty seal the interface 
between the radially expanded expandable tubular member 1040 ami the wellbore 
5 rasing 1000. The apparatus -1015 includes a plurality of upper sealing members 
1045. 

■ The tower sealing members 1050 aire coupled to the outer surface of the 
upper portion 1075 of the expandable tubuter member 1040. The tower sealing 
members 1050 are preferably adapted to engage and fluidicty seal the interface 
10 between the radially expanded expandable tubular member 1040 and the open 
wellbore section 1005. The apparatus 1015 includes © plurality of lower searing 
members 1050. 

The flexible coupling element 1055 5s coupled to the tower portion 1C35 of 
the expandable tubular member 1040. The flexible coupling element 1055 is 

15 * preferably adapted to radially expanded byth® amdhoring devte® 1035 into 
engagement within the vyalte of the open hole wellboir© section 1005. In Wis 
manner, the tower portion 1C35 of the expandable tubular member 1040 is- coupled 
to the watte of the open ho!e wetibor© sectton 1005. The flexible coupling element 
1055 es a slotted tubu&ar member. The flexible ooupiing ©Cement 1055 indudes one 

20 or more hook elements for engaging the walls of the open hole wellbore sectfen 
1005. 

As aiustrated in FUG. 10a, the apparatus 1015 is preferably positioned with 
the expahdabte tubular member 1040 positioned in overtopping relation with a 
portion otf the mfflbcre rasing 1000. In Ms manner, the iradially expanded tubular 

25 member 1040 is eoupted to the toraer portion of the wsellbone casing 1000. The 
upper .sealing members 1045 are positioned in opposing mstetfon to the to^r poftton 
of the wellbora casing 1000 and the tower sealing members 1050 are positconsd in 
opposing relate to the walls of the open hote wellbore sector* 1005. In this 
manner, the interface between the radiallly expanded ftubuDair member 1040 and the 

30 wefibore rasing 1000 and open hoSe weibore secSton 1005 is optimally tfJucdcciy 
seated. 

As illustrated in FIG. 10b, A quantity of a rcon-faardenable flirfdic material is 
then injected into and then out of the apparatus 1015. The non-hardenable material 
is discharged from the apparatus 1015 using the valveabte flow passage 1035. The 
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non-hardenabte fluidic material may be any number of conventional commercially 
available fluidic materials such as, far example, drilling mud. 

As illustrated in FIG. 10c, A quantity of a hardenabte flukJic sealing material 
is then injected into and out of the apparatus 1015. The hardenabte fluidic sealing 
5 material is exhausted from the apparatus 1015 using the vatveable flow passage 
1035. The hardenabte fluidic sealing material is permitted to completely foil toe 
annular space between the tubular member 1040 and the open hote wellborn 
section 1005. The hardenabte fluidic sealing .material may be any number of 
conventional commercial^ available materials such as, for example, cement, slag 
10 mix and/or epoxy resin. In this manner, a fluidic sealing annular element is provided 
around the radially expanded tubular member 1040. 

As illustrated in FIG. 10d t Another quantity of a non-hairdenable fluidic 
material is then injected into and out of the apparatus 11015. A ball plug or dart 
1080, or other sim8ar fluid passage blocking device, is placed into the non- 
15 hardenabte fluid material. The baffl plug 1080 then seats in and seals off (She 
valveabte fluid passage 1035. ' In this manner, the anchoring devtes 1035 is then 
pressurized to anchor the tubular member 1040 to the open hole wellborn section 
1005. 

The valveabte fluid passage 11 055 indudes a remote or pressure activated 
20 valve for sealing off the valveabte fluid passage 1 035. 

As illustrated in RG. 10e, The apparatus 1015 is then anchored to the open 
hote wellbore section 1005 using the anchoring device 1035. The anchoring device 
1035 is pressurized and the expandable eJement 10S0 is radially extended from the 
anchoring device 1035 causing the fexibie coupling element 1055 to radially expand 
25 into intimate contact with the watte of the open, hole wellborn section 1005. On this 
maraier, the. to&er section 10S5 of the expandable tubular member 1040 is 
removabSy coupled to the walls of tlte open IhoteweDlboresectJon 1005. 

As illustrated in FIG. 10f f the expansion cone 1030 is then axially dispteced 
by applying an axial force to the seoond support member 1025. The axial 
30 displacement of the expansion am® 1030 radially expands the expandable tubuter 
member 1040 into intimate contact with the walls of the open hole wellborn section 
1005. 

As illustrated in FIG. 10g, the axial dispiaoement of the expansion cone 1030 
is enhanosd by injec&ng a pressurised fluidic materia! into the anrnder spaoe 
35 between the first support member 1020 and the second support member 1025. in 
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this manner, an upward axial fores is applied to the lower annular face of the 
expansion cone 1030 using ths pressurized ftuidic material. In this manner, a 
temporary need for increased axial force during the radial expansion process can be. 



The hardenable fluidic sealing material is then permitted to at toast partial 
cure. 

As illustrated In FIGS. 10h and 101. after the expandable tubular msmber 
1040 has been radially expanded by the axial displacement of the expansion cone 
1030. the first support member 1020 and the anchoring device 1035 are preferably 
10 removed from expandabte tubular member 1 040 by ds-pressuriang ths anchoring 
device 1035 and then lifting the first support member 1020 and anchoring device 
1033 from the wsta® casing 1000 and Jha open note wel&bcra sscScn 1C05. 

The resulting new section of wellbcre casing includes the radiaBy expanded 
tubular member 1040 and ths outer annular layer of ths cured Write seating 
15 ' material. In this manner, anew, section of wellbore casing is optimally prc^. 
■ • More generally, the apparatus 1015 is used to form artd/w repair weMbore casings, 
pipelines, and structural supports. 

Referring to FIGS. 11a to 11g. an apparatus and method for coupling an 
expandable tubular msmber to a preexislSiRg structure will now bs dsacribsd. 
20 Referring to Fig. 11a. a wellbore casing 1100 is positioned within a subtoransan 
formation 1105. The wellbore casing 1100 may bs positioned in any orientation 
from the vertical direction to the horizontal direction. The weMbcre casing 1100 
further includes one or more openings 1110 that may have bssn the result of 
unintentional damage to the wellbore casing 1100. or due to a prior perfonrto or 
25 fracturing operation performed upon the surrounding subterranean formation 1105. 
As will be recognized by persons having ordinary sfcill in the art, ths openings 1110 
can adversely affect the subsequent operation and use of the weltae casing 1 1<J0 

unless they are sealed of. 

An apparatus 1115 is utilized to seal off the openings 1110 in ths wellbore 
30 casing 1100. Wtore generally, ths apparatus 1115 is preferably utilized to form or 
repair wellbore casings, pipelines, or structural supports. 

The apparatus 1115 preferably includes a first support msmbsr 1120. a 
second support member 1125. an expansion cone 1130. an anchoring device 1135. 
and expandabte tubular member 1 140. and one or more sealing members 1 145. 
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The first support member 1120 is preferably adapts to be coupled to a 
. surface location. The first support member 1120 is further compiled to the anchoring 
device 1135. The first support member 1120 is preferably adapted to convey 
pressurized flutdic materials and/or eHectrical cunent and/or wimlKifcn sfgnals 
5 from a surface location to the anchoring devioe 1135. ThQ fbst support member 
1120 preferably has a substantially holtow annular cross sectorial shape. Tte first 
support member '1120 may, far example, be fabricated from conventional 
commercially available slock w© t braided wire, ooJted tu&ng, cr driKng stock 
material. 

10 The second support member 1 125 5s pflsfferably adapted to be compiled to a 

surface tocatiion. The second support member 1125 5s further coupled to the 
expansion cone 11 130. The second support member 11 125 is pfeferabty adapted to 
permit .the -expansion cone 1130 to be .axially displaesd retail to the fet support 
member 1120. The. second support member 1125 rmiy, for exampte, be 

15 coiwantional commercoally avaBabte slick wire, braided w3re f coaled' tubing, or drilling 
stock material. 

The first support member 1 120 is coupled to © surface toss ton by a sGp joint 
and/or sliding sleeve apparatus that is ooncerutris&Sly ooupted to the second support 
member 1125. 

20 The expansion cone 1130 is coupled to the second support member 1125. 

The expansion cone 1 130 Is preferably adapted to radially expand the expandable 
tubular member 1 140 when the expansion cone 1 130 is axfeSJy dispteosd rateffiv® to 
the expandable tubular (member 1 140. 

The anchoring device 1135 is coupled to the first support member 1120. 

25 The anchoring device 1135 Is preferably adapted to be eontrotebly coupled to the 
expandable tubular mem&er 1 140 and tha weJtane rasing 1 100. On this manner, the 
.anchoring device 1135 preferably oontroJ!ab!y anchors the expandable tubular 
member 1140 to the welfbore rasing 1100 to facilitate the radial expansion of the 
expandable tubular member 1140 by the axial displacement c? the expansion cone 

.30 1130. Th3 anchoring device 1135 inductos one or mora ex^ndabte elements 1150 
that ame adapted to oonirollably extend from the body of the anchoring devfoe 1 135 
to engage both the expandable tubular member 1 140 and tee wellboye rasing i 100. 
The expandable elements 1150 are actuated using fiutdic pressure. The anchoring 
devic© 1135 is any one of the hydraultcaliy actuated packers commercially available 




from Halliburton Energy Services or Baker-Hughes modified in accordance with the 
teachings erf She present disclosure. 

The expandable tabular member D140 is removabiy coupOed to the 
expansion cone 1130. The expandabSe tubular member 1140 ds further preferably 
5 adapted to be removaWy coupled to the expandable elements 1 1 50 of the anchoring 
devioe 1135. The expandabte tubular member 1140 indudes one or mm 
anchoring windom 1155 for permitting the expandable elements 11 SO of the 
anchoring device 1135 to engage the weilbor® casing 1100 and the expandable 
tubular member 1 140. 

10 The expandable tubutar member 1 140 further indudes a tower section 1 160, 

an intermediate section 1185, and an upper secion 1170. The tow section 1160 
rests upon and is supported by the expanston carte 1130. Th@ intermediate section 
1165 incudes Shu anchoring window 1155 in ©mder to prwed® anchoring at- an 
^©mediate portion of tfts expandable tubuBair member 1 140. 

15 The sealing member 1145 are coupled' to the "outer surface of the 

expandable tubutar member 1140. The sealing members '1145 are preferably 
adapted to engage and ffluidfeSy seaJ to itnterfeoD betoken the radially oxpandod 
©xpamdabSe tubular member 1140 and the weBbor® rasing 1100. The appamate 
1115 indudes a plurality of sealing members 1145. The seating members 1145 

20 surround and isoSat© the opening 1110. 

As {Illustrated in FIG. 1 1a, the apparatus 1115 is preferably posit&onsd within 
the wellboffe rasing 1100 wiSh the expandable tutelar member 1140 positioned in 
opposing relation to the opening 1110. The apparatus 1115 teJtujdes a plurality of 
sealing members 1 145 that are positioned above and betow the opening 1 1 10. in 

25 this manner, the radial expanscon of She expandable tubular member 1 140 optimai!y 
fluEdidy isoSates the opening 1110.. 

As iflustsated in FOG. 11b, the apparatus 1115 b then anchored to the 
weElboye rasing 1100 using the anchoAtg devte 1135. the anchoring devioe 1 135 
is pressurized and the expandable element 1150 5s extended from the anchoring 

30 devioe 1135 through the corresponding anchoring window 1155 in the expandable 
tubular member 1140 into intimate contact with the welbone rasing 1100. In this 
manner, the intermediate secfe? 1165 of the expandable tubutar member 1140 is 
removabiy ooupted to the rcellbose rasing 1 100. 

A compjesssbie osment and/or ©poxy & ihen Infects into at feast a pcrtcon of 

35 the annular spara betrcsesn the unexpended portion of the tubular member 1140 arid 




the wellbore casing 1 100. The compressible cement and/or ©poxy is then permitted 
to at least partially cure prior to the initiation of the radial expansion process. In this 
manner, an annular structural support and fluidic seal is provided around the tubular 
member 1140. 

5 As illustrated in FIG. 1 1c, The expansion cone 1 130 is then axially displaced 

by applying an axial force to the second support member 1125. The axial 
dispJacement of the expansion cone 1 130 radially expands the Icosir section 1 1 SO of 
the expandable tubular member 1140. into intimate contact with the walls of She 
wellbore or the wellbcre casing 1 100. 

10 As illustrated in FIG. 11d, The axial displacement of the expansion rone 

1130 is stopped once !h® expansion cone 1130 contacts She lower .portion of the 
anchoring devioe 1 1 35. 

As iustrated in FIG. 1 1e, The anchoring device 1 135 is then decoupled from 
the wellbcre rasing 1 100 and the expandable tubular member 1 140. 

■ 15 • ■ As illustrated in FOG. 1 1f, The axial displacement of the expanston carta 1 1 30 
is then resumed. ThQ anchoring device 1135 is also axfel dfepfeosd. In Shos 
. manner, the tomr section 1160 of the expandable tubular marrter 1H40 b dcK- 
anchored to the wellbore rasing 1100. The tower section 1160 of the expandable 
tubuJar member 1140 includes crtQ or more outer rings or other coupling members 

20 to facilitate the self-anchoring of the tower, section 1 160 of the expandabUe tubular 
member 1 140 to the weflbore or the wellbore casing 1 1 00. 

•As Illustrated in FIGS. 11g, after the expandable Subutar member 1140 has 
been completely radially expanded by the axial displacement of the expansion cone 
1130, the 1110 in the rcsllbore rasing 1100 is sealed off by th© rsdiaMy expanded 

25 tubular member 1140. In this manner, 'repairs to the \#©llbo<n£> rasing 1100 are 
optimally provided. Ctoe generally, the apparatus 1115 is used to repair or torn 
wellbore rasing, pipofates, and structural. supports. -The tmsfd© diameter of the 
radially expanded tubular member 1 140 is substantially constant 

Referring to FIGS. 12a to 12d, an apparatus and method for coupling an 

30 expandable tubular member to a preexisting structure will mow be- described. 
Referring to Fig. 12a, a rcellbora rasing 1200 5s positioned- within a subterranean 
formation 1205. The t#ellbore casing 1200 may be positioned in any orientation 
from the vertical director* to the horizontal direction. The wellbore casing 1200 
further includes one or more openings 1210 that may have been the result of 

35 unintentional damage to the rceEbora rasing 1200, or du® to a prior perforation or 
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fracturing operation performed upon She surrounding subterranean formation 1205. 
• M m reccgntasd by persons having ordinary skill in the art, the openings 1210 
can adversely affect the subsequent operation and use of the wallbora casing 1200 
unless they are sealed off. 

5 An apparatus 1215 is utilized to seal of? the openings 1210 in the wellbore 

casing 1200. More generally, the apparatus 1215 is preferably utilized to form or 
repair maRbore casings, pipelines, or structural supports. 

The apparatus 1215 preferably includes a support member 1220, an 
expandable expansion cone 1225, an expandable tubular member 1235. and one or 
10 more sealing members 1240. 

The support member 1220 is preferably adapted to be coupled to a surface 
location. The support member 1220 5s further coupled to the expandable expansion 
cone 1225. . The support member 320 is preferably adapted to convey pressurised 
Mdic materials and/or electrical current and/or communication signals from a 

15 surface location to the expandable expansion cone. The support member 1220 
may, for example, be conventional commercially available slick wire, braided wire, 
coiled tubing, cr drilling stock material. 

The expandable expansion cone 1225 is coupled to the support member 
1220. The expandable expansion cons 1225 is preferably adapted to radially 

20 expand the expandable tubular member 1235 when the expandable expansion cone 
1225 is axially displaced relative to the expandable tubular member 1235. The 
expandable expansion con® 1225 is further preferably adapted to radially expand at 
least a portion of the expandable tubular member 1235 when the expandable 
expansion cone 1225 is controllably radially expanded. The expandable expansion 

25 cone 1225 may be any .number of conventional commercially available radially 
expandable expansion cones. The expandable expansion con® 1225 Is provided 
. substantially as disctosed in U.S. Patent Wo. 5,348.095. the disclosure of which is 
incorporated herein by reference. 

. The expandable tubular member 1235 Is removably coupled to the 

30 expansion cone 1225. The expandable tubular member 1235 includes one or more 
engagement devices 1250 that are adapted to couple with and penetrate the 
wallboje casing 1200. In this manner, the expandable tubular member 1235 is 
optimally coupled to the wellborn casing 1200. The engagement devices 1250 
include teeth for biting into the surface of the wellbore casing 1200. 
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The expandable tubular member 1235 further includes a tower section 1255, 
an intermediate section 1260, and an upper section 1265. The tower section 1255 
includes the engagement devices 1250 in order to provide anchoring at an end 
portion of the expandable tubular member 1235. The waD thickness of 'the tower 

5 - and intermediate sections, 1255 and 1260, aire less than the wall thickness of ihe 
upper section 1265 in order to optimally facilitate) the radial expansion of the lower 
and intermediate sections, 1255 and 1260, of the expandable tubular member 1235. 
The tower section 1255 of the expandable tubuter member 1235 is slotted in order to 
optimally facilitate the radial expansion of the tower section 1255 of the expandable 

10 tubular member 1235 using the expandabte expansion cone 1225. 

The sealing, members 1240 are preferably coupled to the outer surface of the 
upper portion 1265 of the expandable tubular member 1235. The sealing members 
1240 are praferably adapted to engage and ffajMody seat the interface between the 
radially expanded expandabte tubular member 1235 and the wellborn casing 1200. - 

15 The apparatus 1215 includes a plurality of sealing members 1240. The sealing . 
members 1240 surround and isolate the opening 1210. 

As illustrated in FIG. 12a, the-apparate 1215 is preferably positioned within 
the wellbore casing 1200 with the expandable tubular member 1235 positioned in 
opposing relation to the opening 1210. The apparatus 1215 Includes a plurality of 

20 seating members 1240 that are positioned above and. below the opening 1210. In 
this manner, the radial expansion of the expandable tubular member 1235 optimally 
flutdfcOy isolates the opening 1210. 

As illustrated in FIG. 12b, the expandable tubular member 1235 of She 
apparatus 1215 is then anchored to the wefilbore casing 1200 by expanding the 

25 expandable expansion cone 1225 into contact with the lower section 1255 of the 
expandable tubular member 1235. The tow®r section 1255 of the expandable 
tubular member 1235 is radially expanded Into Intimate contact with the wellbore 
raising 1200. The engagement devices 1250 am thereby coupted to, and at (easft 
partially penetrate into, the wellbore rasing 1200. In this manner, the lower section 

30 1255 off the expandable tubular member 1235 5s optimally coupled to the wellbore 
rasing 1200. 

A compressible cement and/or epoxy is then enjecfied into the annular space 
between the unexpanded portion of the tubutair member 1235 and the wellbora 
casing 1200. The compressible cement and/o(r ©poxy may then be permitted to at 
35 least partially cure prior to the initiation of the radial expansion process. In th&s 
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manner, an annular structural support and fluidic seal is provided around th© tubular 
member 1235. 

As illustrated in FIG. 12c, the expandable expansion con© 1225 is then 
axially displaced by applying an axial fore© to the support msnter 1220. Th® axial 
5 dispJacement of th® expansion con® 1225 radially expands th® expandable tubular 
member 1235 Into intimate contact with the walls of th® wellbora casing 1200. 

As illustrated In FIG. 12d, After the expandable tubular member -1235 has 
been radially expanded by the axial, displacement of th® expandable expansion 
con© 1235. the opening 1210 in the weltbore casing 1200 Ss seated off by the 
10 radially expanded tubular member 1235. In this manner, repairs to th® welSbor® 
casing 1200 are optimally provided. More generally, the apparatus 1215 is used to 
repair or form waMboro casings, pipelines, and structural supports. - 

Referring to FIGS. 13a to 13d, an apparatus and method for coupling an 
expandable tubular member to a preexisting structure wall now b® ctescsibsd. 
15 . Referring to Fig. 13a, a weUbore casing 1300 is positioned within a subterranean 
formation 1305. Th® weltbore casing 1300 may be positioned in any ortentato 
. from the vertical direction to the horizontal direction. The wallbor© esG&tg 13©@ 
further indudes one or more openings 1310 that- may have been tho rcssultt cJ. 
unintenttonaO damage to th© weHbore casing 1300, or due to a prior perforation or 
' 20 fracturing operation performed upon the surrounding subterranean formation 1305. 
As will be recognized by persons having oidinary skill in th® art, the openings' 1310 
can adversely affect the subsequent operation and use of th© weltbore casing 1300 
unless they are seated off. 

An apparatus 1315 is utilized to seal off the openings 1310 in th© weMbore 
25 casing 1300. More generally, the apparatus 1315 is preferably utilized to form or 
repair wellbor® casings, pipelines, or structural supports. 

Th® apparatus 1315 preferably incSudes a support- member 1320,. an 
expansion cone 1325, an expandable tubular member 1335. a heater 1340. and one' 
or more sealing members 1345. 
30 The support member 1320 is preferably adapted to be eoupted to a surface 

location. Th® support member 1320 is further eoupted to th® expansion cone 1325. 
The support member 1320 is preferably adapted to convey pressurized fluidic 
materials and/or electrical current and/or communication signals from a surface 
location to the expansion cons 1325 and heater 1340. Th® support member 1320 
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may. for example, be conventional commercially available slick wire, braided wire, 
coiled tubing, or drilling stock material. 

The expansion cone 1325 is coupled to the support member 1320. The 
expansion con© 1325 is preferably adapted to radially expand the expandable 
5 tubular member 1335 when the expansion cone 1325 Is axially displaced relative to 
the expandable tubular member 1335. The expansion cone 1325 may be any 
number of conventional commercially available expansion cones. 

The expandable tubular member 1335 is removably coupled to the 
expansion cone 1325. The expandable tubular member 1335 Includes one or more 
10 engagement devices 1350 that are adapted to coupte with and penetrate the 
weBbore casing 1300. In this manner, the expandable tubular member 1335 is 
optimally coupled to the wellbore casing 1300. The engagement devices 1350 
include teeth for biting into the surface of the welllbor© casing 1 300. 

The expandable tubular member 1335 further Includes a lower section 1355. 
15 an Intermediate section 1380,- and an upper section 1365. The tower section 1355 
includos the engagement devices 1350 in order to provide anchoring at an end 
portion of the expandable tubular member 1335. The wan thickness of the tower 
and intermediate sections. 1355 and 13S0. are less than the wall thickness off the 
upper section 1365 in order to optimally facilitate the radial expansion off the lower 
20 and intermediate sections, 1355 and 13S0. off the expandable tubular member 1335. 

The lower section 1355 off the expandable tubular member 1335 includes 
one or more shape memory metal inserts 1370. The inserts 1370 are adapted to 
radially expand the lower sectton'1355 off the expandable tubular member 1335 into • 
intimate contact with the wsilbora casing 1300 when heated by the heater 1340. 
25 The shape memory metal inserts 1370 may be fabricated ffrom any number of 
conventional commercially available shape memory alloys such as. for example. 
NiTi or NffiNOL using conventional forming processes such as. tor example, those 
described in U.S. Patent Nos. 5.312.152. 5.344.506. and 5.718.531. the dmctosures 
off which are incorporated herein by reference. In this manner, the shape memory 
30 metal inserts 1370 preferably radially expand the tower section 1355 of the 
expandable tubular member 1335 when the inserts 1370 are heated to a 
temperature above their transformation temperature using the heater 1340. The 
transformation temperature of the inserts 1370 ranges from about 250* F to 450» F. 
The material composition of the tower section 1355 off the expandable tubular 
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member 1335 is further selected to maximize the radial expansion of the tower 
section 1355 during the transformation process. 

The inserts 1370 ana positioned within one or mom corresponding reoesses 
1375 provided in the tower section 1355 of the expandable tubular member 1335. 
Alternatively, the inserts 1370 are completely contained within the tower section 
1355 of the expandable tubular member 1335. 

The heater 1340 is coupled to the support member 1320. The heater 1340 
is preferably adapted to controSlably generate a localized heat source for elevating 
the temperature of the inserts 1370. The heater 1340 includes a conventional 
thermostat control in order to control the operating temperature). The heater 1340 is 
preferably controlled by a surface control device in a conventional manner. 

The sealing members 1 345 are preferably coupled to the outer surface of the 
upper portion 1335 of the expandable tubular member 1335. The sealing members 
1345 are preferably adapted to engage and ftotdfcly seal the interface between' the 
radially expanded expandable tubular member 1335 and the weOlboro casing 1300. 
The apparatus 1315 includes a plurality of sealing members 1345. The sealing 
members 1 345 surround and Isolate the opening 1 31 0. 

As Illustrated in FIG. 13a, the apparatus 1315 is preferably positioned within 
the weHbore casing 1300 with the expandable tubular member 1335 positioned in 
opposing relation to the opening 1310. The apparatus 1315 includes a plura3Sy of 
sealing members 1345 that are positioned above and below the opening 1310. In 
this manner, the radial expansion of the expandable tubular member 1335 optimally 
fluldidy isolates the opening 1310. 

As illustrated in FIG. 13b, The expandable tubuter member 1335 of the 
apparatus 1315 is then anchored to the wetlbcr© casing 1300 by radiaOy expanding 
the inserts 1370 using the heater 1340. The expansion of the Inserts 1370 causes 
ths lower section 1355 of the expandable tubular member 1335 to contact She 
weHbore casing 1300. The engagement devices 1350 are thereby coupled to, and 
at least partially penetrate into, the weHbore casing 1300. In this manner, the lower 
section 1355 of the expandable tubular member 1335 is optimally coupled to She 
weHbore casing 1300. 

A compressible cement and/or epoxy is then injected into the annular space 
between the unexpended portion of the tubuter member 1335 and the wellborn 
casing 1300. The compressible cement and/or epoxy may then be permitted to at 
toast partially cure prior to the initiation of the radial expansion process. In this 
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manner, an annular structural support and fluidlc seal is provided around the tubular 
member 1335. 

As illustrated In FIG. 13c, the expansion cone 1325 is then axially displaced 
by applying an axial force to the support member 1320. The axial displacement of 
5 the expansion cone 1325 radially expands the expandable tubular member 1335 
into intimate contact with the mils of the wellbore casing 1300. 

As illustrated in FIG. 13d, After the expandable tubular member 1335 has 
been completely radially expanded by the axial displacement of the expansion cons 
1335, the opening 1310 in the wellbore casing 1300 is sealed off by the radially 
10 expanded tubular member 1335. In this manner, repairs to the wellbore casing 
1300 are optimally provided. More generally, the apparatus 1315 Is used to repair 
or form wellbore casings, pipelines, and structural supports. 

Referring to FIGS. 14a to 14g, an apparatus and method for coupling an 
expandable tubular member to a preexisting structures will now be described. 
15 -Refesmrcg to Fig. 14a, a wellborn casing -1400 .is positioned within a subterranean . 
formation 1405. The wellborn casing. 1400 may be positioned in any orientation 
from the vertical direction to the horizontal direction. The weMbora casing 1400 
further includes one cr more openings 1410 that may have been the result of 
unintentional damage to the wellbore casing 1400, or due to a prior perforation cr 
20 fracturing operation performed upon the surrounding subterranean formation 1405. 
As will be recognized by persons having ordinary skill in the art, the openings 1410 
can adversely affect the subsequent operation and use of the wellbore casing 1400 

unless they are sealed off. 

An apparatus 1415 is utilized to seal off the openings 1410 in the wellbore 

25 caring 1400. Wore generally, the apparatus 1415 is preferably utilized to former 
repair wellbore casings, pipelines, or structural supports. 

The apparatus 1415 preferably includes a first support member 1420, a 
second support member 1425. a coupling 1430. an expandable tubular member 
1435, an expansion cone 1440. a third support member 1445. and a packer 1450. 

30 The first support member 1420 is preferably adapted to be coupled to a 

surface location. The support msmbsr 1420 is further ooupted to the aKpansbn 
cone 1440. The first support member 1420 is preferably adapted to convey 
pressurized fluldic materials and/or electrical current and/or communication signals 
from a surtsca tocstion to the suasion cons 1440 and the packer 1450. Thefirst 



39 



°0 OO 0 ° a ° 000 



10 



support member 1420 may, for example, be conventional commercially availlable 
slick wire, braided wire, coiled tubing, or drilling stock material. 

The second support member 1425 is preferabUy adapted to be coupled to a 
surface locate. The support member 1425 is further coupled to th® coupling 1430. 
5 The first support member 1425 is preferably adapted to convoy pinsssurteed fluidic 
materials and/or electrical current and/or ajnramnication slgmis from a surface 
location to the coupling 1430. The second support member 1425 may, tor exanripte, 
be conventional commercially available slick wire, braided we, coifed tubing, or 
drilling stock material. 

The coupfing 1430 Is coupled to the second support membair 1425. The 
coupling 1430 is further preferably removably coupled to th© expandabSe tubutar 
member 1435. The coupling 1430 may be any number of convention®! 
commercially availabte passive or actively controlled ooupfag devices such as, for 
example, packers or slips. The coupling 1430 is a mechanical sHp. . 
15 The expandable tubular member 1435 is- rermwably oou^^ 

1430. The expandable tububr member 1435 includes ore or mow engagement 
devices that are adapted to couple with and penetrate the weffiboine casing 1400. In 
this manner, th® expandabfe tubular member 1435 is optimally coupled to the 
weltbore rasing 1400. The engagement devices Include teeth for biting into the 
20 surface of the wellborn casing 1400. The expandabte tubular member 1435 further 
indudes one or mora sealing members on the outside surface of the expandabCe 
tubular member 1435 in order to optimally seal the interface beteseen the 
expandable tubular member 1435 and the weltae cssfng 1400. 

The expansion cone 1440 is coupted to the first support member 1420 and 
25 the thkS support member 1445. The expansion cone 1440 is preferably adapted to 
radially expand the expandabb tubular member- 1435 when th® expansion cone 
1440 is axially displaced relative to the expandabCe tubu!ar member 1 435. 

The third support member 1445 is preferabty coupSed to the expansion cone 
1440 and the packer 1450. The third support member 1445 is preferably adapted to 
30 convey pressurized fluidic materials and/cr etscfeical caOTent and/or communication 
signals from a surface location to the packer 1450. The third support- member 1445 
may. for exampSe, be conventional commercially availabte site wire, bracded wire, 
coiled tubing, or drilling stock material. 

The packer 1450 is coupted to the third support member 1445. The packer 
35 1450 is further preferably adapted to cbntroBabSy coupted to the raellbor© casing 
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1400. The packer 1450 may be any number of conventional commercially available 
packer devices. A bladder, slipped cage assembly or hydraulic s!ips may be 
substituted for She packer 1450. 

As illustrated in FIG. 14a, the apparatus 1415 is preferably positioned within 
5 the wellboire raising 1400 w§Sh the bottom of She expandable tubular member 1435 
and the top erf the expansion cone 1440 positioned proximate the opening 1410. 

As illustrated in FIG. 14b, The packer 1450 is then anchored to the weMbor© 
casting 1400. In this manner, Ste expansion -con® 1440 to maintained In a 
substantially stationary position. 

10 As illustrated in FIG. 14c, The expandable tubular member 1435 5s then 

towered towamds the stationary expansion cone 1440. As illustrated in FIG. 14<d, the 
tower end off the expandable tubuter member 1435 impacts the expansion cone 
1440 and is radially expanded into contact with the wellbore rasing 1400. Th© tower 
end of the expandable tubuter member 1435 Includes om or more engagement 

15 devices for engaging the "welllbor© rasing 1400 in oinder to optimally couple the ©ra3 
of the expandable tubular member 1435 to the wQHtar© rasing 1400. 

A compressible oement and/or epoxy is then Injected into the annuter space 
between the unexpended portion of She tubular member 1435 and the wetlbore 
casing 1400. The compressibfe cement and/or epoxy is then permitted to at least 

20 partially cure prior to the initiation of the radial expansion process. In Shis manner, 
an annular structural support and flufdte seal is pffoveded around the tubular member 
1435. 

As illustrated in FUG. 14e, The packer 1450 is decoupled from the welibore 
rasing 1400. 

25 As illustrated in FIG. 14f, The expansion cone 1440 lis then axSally displaced ' 

by applying an axial forae to the first support member 1420. The axial displacement 
off She expansion cone 1440 radially expands She expandable tubular member 1435 
into Intimate contact with She walls of the wettbore rasing 1400. Prior to th® initiation 
of She axial displacement of She expansion eone 1440, the coupling 1430 5s 

30 decoupled from the expandable tubular member 1430. 

As illustrated In FtG..14g f After .the expandable tubular member 1435 has 
been oompSetely radially expanded by the axia! displacement of the expansion cone 
1440, the opening 1410 in the wellbor® rasing 1400 is sealed off by the radially 
expanded tubular member 1435. In Shis maimer, repairs to the wetibor© rasing 
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1400 are optimally provided. More generally, to apparatus 1415 Is used to repair 
or form libera casings, pipelines, and structural supports. 

Referring to FIGS. 15a to 15d, an apparatus for coupling an expandabte 
tubular member to a preexisting structure will now be described. Refeirring to Fcg. 
5 15a, a rcellbore casing 1500 is posltoned within a subterranean Jbmrcstton 1S0S- 
The wellbore rasing 1500 may be positioned in any orientation tan to vertical 
direction to the horizontal direction. The weilbore rasing 1500 further incJudes on® . 
or more operangs 1510 that may have been the result of unintentional damage to 
the wellbcre rasing 15Q0i or due to a prior perforation or fracturing operation 
10 performed upon to surrounding subterranean formation 1505. As wi be 
recognized by persons having ordinary ski in the art,, the openings 1510 ran 
adverseBy affect to subsequent operation and use off to weilbore casing 1500 
unless toy are sealed off. 

An apparatus 1515 Us utilized to seal off to openings 1510 in to walEbore 
15 • rasing 1500. Mora generally, to apparatus 1515 is preferably ufc&d to form or 
repair weilbore rasings, pipelines, or stnujctural supports. 

The apparatus 1515 ' preferably indudss a support ' member 1520, an 
expandable tubular member 1525, an. expansion oone 1530, a ooupOing 1535, a 
resilient anchor 15410, and on© or more seals 1545. 
20 The support member 1520 5s preferably adapted to be coupted to a surface 

• location. The support mentor 1520 Is further coupled to to expansion oone 1530. 
The support member 1520 is preferably- adapted to convey pressurised fluSdic 
materials and/or electrical current and/or communsration signals ton a surface 
toratton to to resilient anchor 1540. The support member 1520 may, for exampte, 
25 be conventional conrtmerdally available slick wire, braided wire, cofcsd fluking, or 
drilling stock material. 

The expandsbSe tubular member 1525 is removably coup!&d to to 
" expansion rone 1530. The' expandable tubular member 1525 Endues one or mora 
engagement devices tot ar© adapted to coupte with and penetrate to weilbore 
30 rasing 1500. Jn this manner,, to expandable tubular meinrtor 1525 5s optimally 
ocup3ed to to wellboms rasing 1500. The engagement devices inciud© teeth for 
biting into to surface of to wetlbore casing 1500. Tfte expandable tubu!ar member 
1525 further incJudes one or more sealing members 1545 on to outside surface of 
the expandabie tubular member 1525 in order to optimally seal to interface 
35 between to expandable tubular mentor 1525 and to weffiboie rasing 1500. 
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Th© ©xpandabt© tubular msmbsr 1525 Inc9ud®s a tovrar s©ction 1550, an 
( intemtsdiate section 1555, and an uppsr section 1560. Th© wail thic!!m©ss©s of th© 
tosjar and intermediate secffions, 1550 ami 1555, are t©ss than th© wall thickness of 
th© upper s©dcon 15S0 in order to optimaiSy fecBttato th© radial ©xpansfon of th© 
5 ©xpandabte tubular member 1525. Th© sealing ro©ntos 1545 ar© provided on th© 
outsid© surfeos of th© upp©r s©dten 15S0 of th© ©apandabte tubutar member 1525. . 
Th© rasiliont anchor 1540 is couptsd to th© tor sectton 1550 of th© ©iqpandab!© 
tubutar msrabsr 11525 in ©jdsr to optimally anchor th® expandable tubuter membor 
1525 to th© w©llbore casing 1500. 
10 Th© expansion ran© 1530 is ooupted to th© support member 1520 and th© 

coupMng 1535. Tito expansion eon© 1530 ss praferabSy adapted to rsdMy ©apand 
th© expandable tubular rotemtar 1525 when th© expansion con© 1530 is axiaily 
displaced reJativ® to th© ©xpandab!® tuWar memb©r 1525. Th© expansion ©on© 

15 Th® coupling 1535 Is pref®rab!y coupled to th© support msm&sr 1520,' th© ' 

©xpsrata con©- 1530 and th© ws&anl enchor 1540. Tto coupling 1535 is 
preferably adapted to osnvey pressurized fluEdto materials snd/ar ©Cediirtcal mwmi 
and/or oomrnunk^tion signals from a surfeos tomtom, to th© ir©slK©nt sncltor 1535. 
Th© coupOIng 1535 may, for ©xampie, b© conventional ooiwrard^ty availabl!© sEcfc 

20 wire, bra5d©d wire, cofod tubing, or drilling stock material. Th© coupflng 1535- is 
decoupled from th© resfent anchor 1540 upon InKSatJng th© aid®! displacement off 
th© ©xpansfon oon® 1530. 

Th© resifent anchor 1540 is preferably coupted to th© kwr section 1550 of 
th© ©xpandab!© tubuiar m©mb©r 1525 and th© coupling 1535. Th© mssiifent anchor 

25 1540 5s further preferably .adapts to b® oontroBabiy coupfed to th© wsdlbora rasing 
1500. 

R®fenring to FIGS. 16a ami 18b, Th© resident anchor 1540 Inc3ud©s on© or 
more coited resilient members 1600 and corresponding ire!©©s©b!© coupling d©vioes 
1805. Th® resilient anchor 1540 is maintained in a compressed ©tesfflc position that 

. 30 is oontroStebOy rei©ased th©reby causing th© resilient arcdter 1540 to expand in siz© 
thsr©by releasing th© ©testic ©n®jgy stared ntfthtn th® resitent anchor 1540. As 
illustrat©d in FIG. 16b, wh©n th© coupling d©vtos> 1805 is retsased, th® "omC©d 
resScent memb©r 1600 at toast partially uncoils in th© outward radial direction. At 
least a portion of th® coited member 1800 is ooupted to ^ 1550 of th© 

35 ©xpandabf© tubular member 1525. Th© unco3ed member 1600 thereby coupfes the 
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lower section 1550 of the expandable tubular member 1525 to the weltoore rasing 
1500. 

The coifed member 1600 may be fabricated from any number of 
conventional commercially available resilient materials. The cofed member 1600 is 
5 fabricated from a resilient material such as, for example, spring steel. The coSed 
member 1600 is fabricated from memory metals in osder to optimally provide contra! 
of stapes and stresses. 

The reteasabte ooupling device 1605 maintains Ste wiled member 1600 to a 
coiled position unta the device 1605 is released. The reteasable coupling device 
10 1605 may be any number of conventional commercially available reteasabte 
coupling devices such as, for eaampte, an exptcsave boSi 

The resilient anchor 1540 may be positioned in any desired orientation. The 
resilient anchor 1540 os positioned to apply the maximum normal force to the walls 
of the wellborn rasing 1 500 after reteasing the resilient anchor 1 540. 
15 As illustrated in FIGS.'- 17a and' 17b, the resilient anchor 1540 includes a 

tubuteur member 1700, one or more resflbnt anchoring members 1705, .one or more 
corresponding rigJd attachments 1710, and one more corresponding reteasabte 
attachmsnte 1715. The resilient anchoring membeirs 1705. are maintained in 
compressed elastic condition by the corresponding rigid and reteasabte 
20 attachments, 1710 and. 1715. When the corresponding releasable attachment 1715 
is released, the corresponding resilient anchoring member 1705 expands, releasing 
the stored elastic energy, away from the tubtfer member 1700. 

As illustrated in FUG. 17a, one end of each resilient anchoring member 1705 
is rigidly attached to the outside surface of the tubular member 1700 by a 
25 corresponding rigcd attachment 1710. The oter end of each resident anchoring 
member 1705 is removably attached to the outside surface of the tubular member 
1700 by a corresponding reteasabte attachment 1715. As illustrated in FOG. 17b, 
reteas&tg the reteasabte attachment 1715 permits the resilient energy stofi?sd in the 
resfert anchoring member 1705 to be reteased thereby causing the resilient 
30 anchoring member 1705 to swing radially outward from the tubuJar member 1700. 

The tubuiar member 1700 may be fabricated (from any number of 
conventional materials. 

The resilient anchoring members 1705 may be fabricated from any number 
of resident materials. The resJISeni anchoring members 1705 are fabricated from 
35 memory mstef in order to optimally proved© control of shapes ami stresses. 
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Th© rigid attachments 1710 may ba fabricated from any number of 
conventional, commercially available materials. Th® riged attachments 1710 arts 
fabricated from 4140 steel in order to optimally provide high stosngflh. 

Th© releasable attachments 1715 may ba fabricated from any number of 
5 conventional commercially availabf© devices such as, for exampHe, erosive bote. 

As illustrated in FIGS. 18a and 18b, th© resilient anchor 1540 includes a 
tubular member 1800, on© or moms anchoring d®vio©s 1805, on® w more reslent 
members 1810, and on© or mare releas® devices 1815. Tto anchoring devioss 
1805 and resilient m©mb©rs 1810 ar© maintained in a compressed ©taste position 
10 by the retease devices 1815, As illustrated in FIG. 18b, When th® retease device 
1815 ar© removed, th© anchoring devices 1805 .and resident member 1810 ar© 
permitted to expand outwardly in th© radial direcflfon. 

Th© tubular m©mb©r 1800 preferably includes on® or mor© openings 1820 
for containing th© raleas© devioss 1815 and for permitting Sh© anchoring devices 
15 1805 to pass through. Th©. tubular member 1800 rnay b© fabricated from any 
number of conventSon©! commercially available materials. The tubuter member 
1800 is fabricated from 4140 steel In order to optimally proved© Wgh strength. 

Th© anchoring devices 1805 are housed within th© tabular member 1800. • 
The anchoring d©v5c©s 1805 am preferabty adapted to at least p&rttaRy extend 
20 through th® corresponding openings 1820 in the tubular member 1800. The 
anchoring devices 1805 ar© preferably adapted to coupJ© to, and at least partially 
penetrate, the surface of th© wellbor© 1500. The anchoring devios© 1805 may be 
fabricated from any number of durabt© hard material such as, for example, 
tungsten coibkto,' machine tool or hard faced steel. The anchoring devices 
25 1805 ar© .fabricated from machine tool* steel in ortier to optimally provfe hSgh 
strength, hardness, and fracture toughness. 

Th© resilient members 1810 are coupled to the enstd© surface of the tubuter 
mentor 1800. The rasitent members 1810 are pretoWy adapted to applly a radial 
force upon the oarr©spond5ng anchoring devices 1805. When th® release devices 
30 1815 release th© anchoring d©vfoas 1805, the restart members 1810 are preferably 
adapted to force th© anchoring devices at least partially through the corresponding 
openings 1820 into contact with, to at least partially penetrate, the wellboy© casing 
1500. 

Th© reteas© devtoes 1815 ar© positioned within and coupled to the openings 
35 1820 in the tubular member 1800. The release devices 1815 ©r© praferabSy adapted 
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to hold the corresponding anchoring devioss 1805 within the tubular member 1800 
until released by a control signal provided from a surfaos, or other, (location. The 
release devices 1815 may be any number of conventional commercially available 
(refease devices. The release devices 1815 are pressure activated in order to 
5 optimally provide ease of operate. 

As illustrated in FIG. 15a, the apparatus 1515 is preferably positioned within 
the welibore rasing 1500 with the expandable tubular member 1525 positioned in 
opposing relation to the opening 1510. 

As illustrated in FIG. 15b, The resilient anchor 1540 is then anchored to the 
10 wellbotre rasing 1500. In this manner, the tower section 1550 of the expandable 
tubular member 1525 lis anchored to the \#a£tae rasing 1500. The resilient anchor 
1540 is anchored by a control and/or electrical power signal transmitted from a 
sourfece torafen. 

A compressible cement and/or epoxy is then injected into the annular spsoe J 
15 befcssen the unexpended portbn of the tubular member 1525 and the rael&ore ■ 

ras&rtg 1500. The osnnpTessibte csmsnt and/or ©poxy is then permitted to at (east | 

parfeBy cure prior to the initiation of the radial expansion' process, In this manner, 

an annidar structural support and fluttte sea! is pswided around She tubular member I 

1525. 

20 As illustrated in FOG. 15c, The expansion cone 1530 is then axB&lly displaced - I 

by applying an axial force to the support member 1520. The axial displacement off 
the expansion cone 1530 radially expands the expandable tubular member 1525 
into ontSmate contact with the waits of the rceifeoffa rasing 1500. 

As illustrated in FOG. 15d, After the expandable tubular member 1525 has 

25 been completely radially expanded by the axial displacement off the expansion cone 
1530, the opening 1510 In the welibore casfrtg 1500 is sealed off by the radially 
. expanded tubular member 1525. . In this mnararear, repair© to the raellbora rasing 
1500 are optlmaOy provided. Rflore generaBy, the apparatus 1315 is used to repair 
or torn wellbcra casings, pipelines, and structural supports. 

30 Referring to FIGS. 19a, 19b and 19c, an expandable tubular member 1900 

tor use in the apparatus 1515 vM now be described. The expandable tubular 
member 1900 Includes a tubuSar body 1905, one or more resilient paneils 1910, one 
or more corresponding engagement members 1915, and a release member 1920. 
The resotient parted 1910 are adapted to expand In the radial direction after being 

35 released by the reteas© member 1920. On this manner, the expandable tubutar 
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member 1SG0 is anchored to a preexisting structure such ©s, tor example, a 
wellbore rasing, an opsn hde weltbore section, a pipeline, or © sUmctural support • . 

Th® tubullar member 1805 is coupted to th® resilient parcefts 1910. The 
tubutar member 1805 may be any number of conventional commercially avsilafote 

5 ©xparcdab!© tubuQar msmbers. The tubular memb©r 1805 fe^ 
order to optimally provide high strength. 

Th© restart pan©ls 1910 arts ccupted to th© tubular msmber 1805. Th© 
reslB©nt panete 1910 m® further refessaWy coupSed to to rofea©® reamber 1920. 
Th© resilient paneOs 1910 are preferably adapted to house to expansion con© 

10 1530. Th© resilient panels 1910 are preferably adapted to ©stored to She position 
1925 upon being released by th© releas© member 1920. Th© rcasHEont paneis 1910 
are couplled to th® tubular imember 1805 by mlding in orator to optimalty provide 
hegh strength. Th© resilient panels 1910 may b© fabricated torn any number of 
conventional commerdalty availabl© resilient materials. Th© mssffimt panoOs 1910 • 

15 are fabricated from spring. ste©5- In order to optimally store ©tette r®dfc3Cy -dirQCted . 
energy. 

Th© engagement msmbsrs 1915 are ooup!®d to corresponding omiloent 
paneJs. Th© engagement members 1915 are preferabty adapted to engagQ, and at 
(east partially penetrate, th© wellbore cssang 1500, or other preexisting strurituins. 

20 Th© release member 1920 is reteasably coupled to th© inssifent panels 1910. 

The release member 1920 is preferably adapted to ccntroJlably release the resilient 
panels 1910 from their initial strained positions in order to permit the resilient panels 
1910 to expand to their expanded positions 1925. Th® retea©©- member 1920 5s 
releasabOy ooupted to th© coupling 1535. In this manner, ©teotrteO and/o<r control 

25 and/or hydraulic signals are oommwracated to and/or from the refers® member 
1920. Th©' release member 1920 may be any number of convention®! ©ommesoially 
.avaitabie refers® devices. 

Referring to FIGS. 20a to 20d, an apparatus and method tar coupling an 
expandable tubular member to a preexisting structure will now be described. 

30 Referring to Fig, 20a t a \#©l5bore casing 2000 is positioned within a subterranean 
fbnmatfon 2005. The wellbore rasing -2000 may be positioned in any orientation 
from the vertical direction to the horizontal direction. Th© weUbore cascng 2000 
further Encodes on® or more openings 2010 that may have been the result of 
unintentional damage to th© wellbore casing 2000, or -due to a prior perforation or 

35 fracturing operation performed upon th© surrounding subtenrsiinean formation 2005. 
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As Willi b3 recognized by persons having ordinary skill in the art, the openings 2010 
can adversely affect the subsequent operation and use off the wellbore rasing 2000 
unless they are sealed off. 

An apparatus 2015 is utilized to seal off the openings 2010 in the wellSbore 
5 casing 2000. More generalCy, the apparatus 2015 -is preferably utilized to form or 
repair wellbore casings, pipelines, or structural supports. 

The apparatus 2015 pnsfersbty includes a support member 2020, an 
expandable tubular member 2025, an .expansion cone 2030, a coupling 2035, a 
resiBent anchor 2040, and one or mora seaJs 2045. 
10 The support member 2020 is preferably adapted to be ooupted to a surface 

tocaffioa The support member 2020 os further coupled to the expansion cone 2030. 
The support member 2020 is pneferabUy adapted to convey pressurized flucdic 
materials and/cr etectrical current and/or oommunteation signals tram a surface 
location to the anchor 2040. The ' support member. 2020 may, for example, be 
■ 15 • conventional oommerdally availabte slick wire.'bracded wire, coited tubing, or drilling 
stock material. 

The expandable tubular member ' 2025 is removably ooupted to the 
expansion cone 2030. The expandable tubular member 2025 includes one or more 
engagement dewess that are adapted to ooupte with and penetrate the wellbore 

20 casing 2000. In this manner, the expandable tubular member 2025 is optimally 
coupled to the wellbore casing 2000. The engagement devices include teeth for 
biting into the surface of the wellbore casing 2000. The expandable tubular member 
2025 further includes one or more seaBimjg members 2045 on the outside surface of 
the expandabte tubular member 2025 in order to optimally seal the interface 

25 between the expandable tufoultar • member' 2025 and the wellbore rising 2000. 

The expandable tubular member 2025 indudes a tower sedfon 2050, an 
intermediate sectfon 2055, and an upper section 2030. The wad thicknesses of the 
tower and intermediate sections, 2050 and 3055, are Cess than the wall thickness of 
the upper sec&on 2030 in order to optimally, fadlitete the radial expansion of the 

30 expandable tubular member 2025. The sealing members 2045 are provided on She 
outside surface of the upper secfen 2030 of the expandable tubular member 2025. 
The resent anchor 2040 is coupted to the teraer section 2050 of the expandable 
tubular member 2025 in order to optimally anchor the expandable tubular member 
2025 to the rceSbore casing 2000. 
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Th© expansion con® 2030 is pr®feraibty coupted to th© support msmtor 2020 
and th© coupling 2035.. Th© expansion con® 2030 is preferably adapted to radiaBy 
expand th© expandable tubular m©m!b©r 2025 wh©n th© ©xpanstan ©on© 2030 bs 
axsally displaced rotetfv© to th® expandable tubular m©mb©r 2025. 
5 Th® coupling- 2035 is preferably, oouptsd to th© support rromtor 2020, th© 

expansion con© 2030, and -th© anchor 2040. Th© coupling 2035 is prafeMy 
adapted to oonvay pressurtesd flukflc materials and/or ©(©dteil cumirft end/or 
oommunicafen sfgnals from a suirfac© iocata to to anchor 2035. Th© c£^5rcg 
2035 may, for ®xarnpO®, b© oonv©ntfonal comm®rciially availabl® §!5c& wire, tested 

10 wire, coiled tubing, or drilling stock material Th© coupling 2035 is dooaup^ from 
th© anchor 2040 upon initiating th© axial displac®m©nt of th© ©xpanston ©era 2930. . 

Th© anchor 2040 is preferabOy coupted to th© torasir secifon 205® et th© 
expandable tubular rn®mb®r 2025 and th© coupling 2035. Th© anchor S@40 is 
further preferably adapted to b© oorrtroOlably ©oupted to th© w©Hbor© ca©5ng 2000. 

■15 • ■ Referring to FOGS. 21® and 21b, Th© anchor 2040. includes a housing 2100, 
om or more spites 2105, amid" on® or rnor® corresponding aduatoro 2110. Th© 
spites 2105 ar© outwardty ©xtend©dl by th© correspond!^- actuator 2110. Th® 
spites 2105 ar® outwardly actuated by dispBadng th® apparatus 20115 upwardly. 
Th© spctes 2105 a?© outwardly ©xtendsd by pSating a quantity of ffluidic material 

20 onto th© spites 21 05. 

Th© housing 2100 is ooupted to th® lowsr s®ctfon 2050 of th© ©xpandabt© 
tubular m©mib©r 2025, th© spites 2105, and th© actuators 2110. Th© housing 2100 
is ?urth©r preferably ooupted to th© coupling 2035. Th© housing 2100 5s adapts to 
convey ©Eactrical, communication, and/or hydraulic signals from th© oozing 2035 to 

25 th© actuates 21 10. 

Th© spites 2105 am preff©rabty movably ©oupted to : th© housing 2100 and 
th© coyresponding actuators 21 10. Th® spctes 2105 ar© preferably adapted to pivot 
relative to th© housing 2100. Th© spites 2105 ar© further pmsferabfly adapted to 
extend outwardly in a radial direction to ©ngag®, and at ksasS partially p®n©firate, th© 

30 welEbore casing 2000, or oth©r preexisting structure such as, for ®xamp!©, th© 
rcslfbcra. Each of th© spites 2105 furth®r pr©f©rab!y indicd© a concave upwastily 
faring surfecs 2115. Th© plaosmsnt of a quantity of fluJdic material such as, for 
exampi©, a barit© plug or a fftex plug, onto th© surfeoss 21 15 causes th® spates 2105 
to p?vot outwardly away from th© housing 2100 to ©ngag® th© weBbore casing 2000, 

35 or oihsr preexisting structure such as, for ©xampl©, th© w©nbor®. AtemaHv^ly, th© 
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upward displsoamsnt of the apparatus 2015 causes the spites 2105 to pivot 
outwardly away from the housing 2100 to engage the weflbore casing 2000. or ottter 
preexisting structure such as, for example, the wallbere. 

The actuators 2110 are preferably coupled to the housing 2100 and the 
5 corresponding spikes 2105. The actuators 2110 are preferably adapted to apply a 
force to the corresponding spikes 2105 sufficient to pivot the corresponding spikes 
2105 outwardly and away from the housing 2100. The actuators 2110 may be any 
number of conventional commercially available actuators such as. for example, a 
spring, an electric or hydraulic motor, a hydraulic piston/cylinder. The actoatore 

10 2100 are hydraulic pistons in order to optimally provide ease of operation. The 
actuators 21 10 are omitted and the spikes are pivotaliy coupled to the housing 2100. 

Referring to FIGS. 22a, 22b, and 22c. The anchor 2040 includes the housing 
2100, one or more petal baskets 2205, and one or more corresponding actuators 
2110. The petal baskets 2205 are outwardly extended by the corresponding' 

15 actuators 2110. The petal baskets -2205 are oufcrardly actuated by displacing the - 
apparatus 2015 upwardly. The petal baskets 2205 are outwardly extended by 
pllacsng a quantity of tHucdic material onto the petal baskets 2205. 

The housing 2100 is coupled to the tower section 2050 off the expandabte 
tubular member 2025, the petal baskets 2205, and the actuators 21 10. 

20 The petal baskets 2205 are preferably movabJy coupled to the housing 2100 

and the corresponding actuators 2110. The petal baskets 2205 are preferably 
adapted to pivot relative to the housing 2100.- The petal baskets 2205 are further 
preferably adapted to extend outwardly in a radial direction to engage, and at toast 
partially penetrate, the weflbore casing 2000. or other preexisting structure. As 

25 illustrated in FIG. 22c. each off the petal baskets 2205 further preferably include a 
concave upwardly facing surface 2215. The placement of a quantity off ffluidic 
material such as. tor example, a barite plug or a flex plug, onto the surfaces -2215 
causes the petal baskets 2205 to pivot outwardly away from the housing 2100 to 
engage the wellbore casing 2000. or other preexisting stsucture. Alternatively, the 

30 weight of the flutdic materials placed onto the petal baskets 2205 is sufficient to 
anchor the expandable tubular member 2025. Alternatively, the upward 
displacement of the apparatus 2015 causes the petal baskets 2205 to pivot 
outwardly away from the housing 2100 to engage the weUbcre casing 2000, or other 
preexisting structure. 
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Th© actuators 2110 are preferably cowpted to th® housing 2100 arid th® 
corresponding p®tal bask®ts 2205. Th© acituatars 2110 are preferably adapted to 
apply a fore® to th® corresponding p®tal baskets 2205 suffic&nt to pivot th® 
corresponding petal bask©ts 2205 outadly and away ftwn th© housing 2100. Th® 
5 actuators 2110 are orratted and th® p®tal baskets- are pivotally ooupSod to th® 
housing 2100. 

• Th® anchor 2040 cnc!lud®s on® or more sptes 2105 and on® or more p®tal 
baskets 2205. 

As illustrated in FIG. 20a, th® apparatus 2015 fe preferably posltfon®d within 

10 th® vy®llbore casing 2000 with th® ©xpandab!© tubular msmbar 2025 positioned in 
opposing relation to th® opening 2010. 

As illustrated in FIG. 20b, Th® anchor 2040 §s tan anchored to th® ti&Ilbore 
casing 2000. On this rann®r, th® tovm s®cfton 2050 of th® ©xparafefc tubular 
m®mb®r 2025 is 'anchored to th® wsHbore rasing 2000 or th® alitor® casing. Th® 

15 • smdtoir 2040 5s anchored by a ocntmol and/or ®t®tirical powsr signal tramsmtt&d franni 
a surfeoa location to th© actetcrs 2110 cJ thQ 2040. Tto anchor 2040 is 
anchored to th®.w®tlbcre casing 2000 by upwa&dly d^pfeting th® apparatus 2015. 
Th® anchor 2040 is anchor to th® wsllbor© csssng 2000 by ptedng a quantity of a 
fluedte material such, for ®xarnp!®, a barit© plug or a to plug, onto th® spites 2105 

20 or p®tal (baskets 2205 of th® anchor 2040. Th® anchor 2040 is omitted, and th® 
- apparatus 2015 is anchored by pladng a quantity of a fluidic material such, for 
oxsrapta, a barit® plug or ®'ft®x plug; onto at f®ast th® towsr and/or th® 5nt®rm®diat® 
s®ettons, 2050 and 2055, off th® ©xpandabl® tubular m®mb®r 2025. 

A oompresstbts o®rn®nt and/or ©poxy is th®n 5nj®et®d into th® ©nnylar spao® 

25 b®ft#s®n th® un®xpand©d porta of th® tubuter mambsr 2025 araS th® w®t!bare 
raising 2000. Th® oompressibC® o®m®nt and/or ©poxy m th®n p®rmKted to at toast 
partially cure prior to th® initiation of th® radial- ©xpansfon praoss©. On thte mann©r, 
an annular structural support and fluidic s®s! is provcd®d around th® tubular m®rnb®r 
2025. 

30 As illustrated in FOG. 20c, Th® expansion con® 2030 is th®n sudalfy dfeptaosd 

by applying an axml fores to th® support m®mb®r 2020. Th® axial dtspteio®m©nt of 
th® expansion con® 2030 radfeEJy ®xpands th® ©xpandab!® tubular m®mb®r 2025 
into intimate oontatf with th® watts of th® mffbore casing 2000. 

As illustrate in FIG. 20d, Aft®r th® ®xpandab!® tubular m®mb®r 2025 has 

35 b®®n comptetely radiaHy ®xpand®d by th® axsal disptao®m®nt of th® expansion con® 
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2030. the opening 2010 in the wellbora casing 2000 is seated off by the radially 
expanded tubular member 1435. In this manner, repairs to the wsllbore casing 
2000 are optimally provided, ft/tore generally, the apparatus 2015 is used to repair 
or form wellbore casings, pipelines, and structural supports. 
5 Referring to FIGS. 23a to 23e, an apparatus and method for coupling ah 

expandable tubular member to a preexisting structure will now be described. 
Referring to FEg. 23a, a wellbore casing 2300 and an open hole wellbora section 
2305 are positioned within a subterranean formation 2310. The wellbora casing 
2300 and the open hole wellbore section 2305 may be positioned in any orientation 
10 from the vsrticsl direction to tie horizontal directa. 

An apparatus 2320 is utilized to term a new section of wellbore casing within 
the opsn hole wellbore section 2305. More generally, the apparatus 2320 is 
preferably utilised to form or repair weltbcra casings, pipelines, or structural 
supports. 

15 ■ The apparatus 2320 -preferably includes a support member 2325, ah 
expandable tubular member 2330, an expansion cone 2335, one or more upper 
sealing members 2340, and one or more sealing members 2345. 

The support member 2325 is preferably adapted to be coupled to a surface 
location. The support member 2325 is further ooupted to the expansion cone 2335. 

20 The support member 2325 may, for example, be conventional commercially 
avaJlabte sfiok wire, braided wire, cofed tubing, or drilling stock material. 

The expandable tubular member 2330 is removably coupted to the 
expansion cone 2335. The expandable tubular member 2025 further Includes one 
or more upper end tower sealing members, 2340 and 2345, on the outside surface 

25 of the expandable tubular member 2330 in cider to optimally seat the interface 
between the expandable tubular member 2330 and the wellbore casing 2300 and 
the open hole wellbore section 2305. 

The expandable tubular member 2025 further includes a lower section 2350, 
an intermediate section 2355, and an upper section 2380. The wall thicknesses of 

30 the lower and intermediate sections, 2350 and 2355, are less than the waH toickness 
of the upper section 2380 m order to optimally facilitate the radial expansion of the 
expandable tubular member 2330. The tower section 2350 of the expartdabte 
tubular msmbsr 2330 includes one or more stots 2365 adapted to permit a fluidic 
sealing materiel to penetrate the lower section 2350. 
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The expansion cone 2335 is preferably coupled to the support member 
2325. The expansion cone 2335 8s further preferably removably coupled to the 
expandable tubular member 2330. The expansion cone 2335 is preferably adapted 
to (radially expand the expandable tubular member 2330 when the expansion cone 

5 2335 os ©xte% displaced relative to the expandab!e tubular member 2330. 

The upper sealing member 2340 is coupled to the outside surfaos of the 
upper section 2360 of the expandable tubular member 2330. The upper sealing 
member 2340 is preferabSy adapted to ffliMcOy seal the interface between the 
radiaHJy expanded upper section 23S0 of the expandable tubular member 2330 and 

HO the wellbore rasing 2300. The upper seating member 2340 may be any number of 
conventional oommeraatSy availabte sealing members. The upper sealing member 
2340 is a viton (rubber in order to optimalfy provide toad carrying and pressure 
seating capacity. 

The teer sealing member 2345 is preferably coupled to the outside surface 
115 " off the upper section 2330 of' the -expandable tubular .member 2330. - TftQ -tower 
seating member 2340 is preferably adapted to fJutdteiy seal the interface between 
the radially expanded upper section 2330 of the expandable tubular member 2330 
and the open hole wellbor© sectton 2305. The tar sealing member 2345 may be 
any number of conventional commercially avaiHabte sealing members. The tower 
20 sealing member 2345 lis vtam rubber in order to opt&maliy provide toad carrying and 
seating capa&ty. 

As illustrated in FOG. 23a, the apparatus 2320 is preferably positioned within 
the weMbora rasing 2300 and the open tote mllbore s®cta 2305 with the 
expandable tubular member 2330 positioned in overlapping relation to the whitens 
25 csscng2300. 

As illustrated in FIG. 23b, A quantity of a hardenabte flucdic sealing material 
2385 is then injected into the open hole welfcore secicon 2305 proximate to the 
tower section 2350 of the expandable tubular member 2330. The sealing (material' 
2335 may be any number of cmwontiorol commercially availabte sealing material 
30 such as, for example, cement and/or ©poxy resin. The hardenabte ftuidic sealing 
material 2365 at least partially enters the slots provided in the Ic^er section 2350 of 
the expandable tubular member 2330. 

As illustrated m FIG. 23c the hardenabte ftutdic sealing material 2335 is 
preferabSy then permitted to at least partially cure. Dn this manner, the tower section 
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2350 of the expandable tubular member 2330 is anchored to the open bote wellborn 
section 2305. . 

A compressible cement and/or ©poxy is then injected into th© annular space 
between the unexpended portion of the tubular member 2330 and the welter© 
5 casing 2300. The compressible cement and/or ©poxy is then permitted to at least 
partially cure prior to the initiation of the radial expansion process. On this manner, 
an annular structural support and ffluidoc seal is provided around tha tubular member 
2330. 

As illustrated in FOG. 23d. The expansion con© 2335 is then axially displaced 

10 by applying an axial fore© to the support member 2325. The axial dispSaoamsnt of 
the expansion cone 2335 radially expands the expandable tabuJar member 2330 
into intimate contact with the walls of the wellbore casing 2300. 

As illustrated in FOG. 23e, After the expandable tubular member 2330 fuss 
been completely radially' expanded by .the axial displacement of th® ©Kpamion cone 

15 2335, a new section of wsOlbor© casing is formed Shst prefer&bty 

expanded tubular member 2330 and. an outer annular Jay®? of a fllufdic sealing 
material. More generally, the apparatus 2320 is used to. repair or form wellbora 
casings, pipelines, and structural supports. 

Referring to FOGS. 24a to 24c, an apparatus and method for coupling an 

20 expandable tubu&ar member to a preexisting stouctur© will now be described. 
•Referring to Peg. 24a, a wellbore casing 2400 and an open hc!e wellborn section 
2405 are positioned within a subterranean formation 2410. The wBllboj© casing 
• 2400 and the open hole wellbore section 2405 may bs positioned Etm any orientation) 
from the vertical direction to approximately the horizontal direction. 

25 An apparatus 2420 is utilized to form a new sec&on of wefflbo?© casing within 

the open hote wellbore section 2405. Mom generally, the apparatus 2420 is 
preferaWy utUiasd to form or repair •wellbore casings, pipelines, or structura3 
supports. 

The apparatus 2420 preferably includes a support member 2425, an 
30 expandable tubular member 2430, an expansion cone 2435, a ocupfog 2440, a 
packer 2445, a mass 2450, one or mom upper sealing members 2455, and one or 
mora sealing members 2460. 

The support member 2425 is preferably adapted to bs coupled to a surface 
location. The support member 2425 is further coupled to the expansion cone 2435. 
35 The support member 2425 is preferably adapted to convey electrical, 



communication, and/or hydraulic signals to and/or from the packer 2445. The 
support member 2425 may, for example, be conventional commercially available 
slick wire, braided wins, coiled tubing, cr drilling stock material. 

The expandabte tubular mambsr 2430 Is removably coupled to th® 
5 expansion con® 2435 and the pecker 2445. The expandable tubular membar 2430 
os further preferably coupted to th® mass 2450. Th© expandable tubular 'mernbsr 
2430 further Includes on® or more upper and tower sealing members, 2455 and 
2460, on th® outside surface of th® expandable tubular member 2430 In oidor to 
optimally seal tha interface betwaen th© expandable tubular member 2430 and th® 
10 wsllbor© casing 2400 and the open note wellbore section 2405. 

Tha expandable tubular member 2430 further includes a lower ssction 2465, 
an intermediate section 2470, and an upper section 2430. The wall thicknsscos of 
th© tower and intermediate sections, 2465 and 2470, are tsss than the wail thtakmssss 
of th© upper section 2475 in order to optimally facilitate the radtel expansion of th® 
,1.5 expandabte tubular member 2430. The.- tower- section 2465 of the expandable 
tubular momber 2430 is coupted to th® mass 2420. 

Th© e«pandabte tubular member 2430 is further provided substantially as 
disclosed in one .or more of the following: 

Th® expansion con© 2435 is preferably coupted to the support member 2425 
20 and th© coupling 2440. The expansion cone 2435 is further preferably removably 
coupted to the expandable tubutar m®mb©r 2430. Tna expansion cone 2435 is 
preferably adapted to radially expand the expandable tubular member 2430 whsn 
th® expansion cone 2435 is axteily displaced relativ® to the expandabte tubutor 
member 2430. 

25 Th© coupling 2440 is preferably coupted to the support member 2425 and 

th© expansion cone 2435. The coupling 2440 is preferably adapted to conv®y 
etectrtcal. communication, and/or hydraulic scgnais to and/or from the pack©!- 2445. 
The coupling 2440 may be any number of conventional support members such as, 
for example, commercially availabte slick wire, braided wire, coiled tubing, or driing 

30 stock material. 

The packer 2445 is coupted to the coupling 2440. The pecker 2445 is further 
removably coupted to the tower section 2465 of the expandable wellbore casing 
2430. The packer 2445 is preferably adapted to provide sufficient fricttonal fero© to 
support the tower section 2465 of tha expandabte wellbore casing 2430 and th® 

35 mass 2450: The packer 2445 may b® any number of conventionai oommssrotelSIy 
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available packers. The packer 2445 Is an RTTS packer available from Halliburton 
Energy Services in order to optimally provide multiple sets and releases. Hydraulic 
slips may be substituted for, cr used to suppJement, the ps*&®r 2445. 

The mass 2450 is preferably coupled to the lower section 2465 of the 
5 expandable tubular member 2430. The mass 2450 is preferably selected to provide 
a tensile load.cn the lower section 2465 of the expandable tubular member 2430 
that ranges from about 50 to 100 % of the yield point of the upper section 2475 of 
the expandable tubular member 2430. On this manner, when the packer 2445 is 
released, the axial force provided by the mass 2450 optimally radially expands and 
10 extrudes the expandabte tubular member 2430 off of the expansion cone 2435. 

The upper sealing member 24S5 is preferably ccupted to the outside surface 
of the upper section 2475 of the expandable tubular member 2430. The upper 
sealing member 2455 is preferably adapted to fluEdidy seal the interface between 
the radially expanded upper section 2475 of the expandable tubular member 2430 
15 and the wellbore casing 2400. The' upper sealing member 2455' may- be any 
number of conventional commercially available sealing members. The upper 
sealing member 2455 is viton rubber arc order to optimally provide toad carrying and 
pressure sealing rapacity. 

The tower sealing member 2460 is preferably coupled to the outside surface • 
20 of the upper section 2475 of the expandable tubular member 2430. The tower 
sealing member 2460 is preferably adapted to ftiWtoly seal the interface between 
the radially expanded upper section 2475 of the expandable tubular member 2430 
and the open hole wellbore section 2405. The tower sealing member 2460 may be 
any number of conventional commercially available sealing members. The tower 
25 sealing member 2460 is viton rubber in order to optimally provide lead bearing and 
sealing capacity. 

As illustrated in FIG. 24a, the apparatus 2420 is preferably positioned within 
the weJIbora casing 2400 and the open hole wellbore section 2405 with the 
expandabte tubular member 2430 positioned in overlapping relation to the wellbore 
30 casing 2400. The weight of the mass 2450 is supported by the support member 
2425, the expansion cone 2435, the coupling 2440, the pecker 2445, and the tower 
section 2465 of the expandable tubular member 2430. In this manner, the 
intermediate sectton 2470 of the expandable tubular member 2430 preferably does 
not support any of the weight of the mass 2450. 
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As illustrated cn FIG. 24b, The packer 2445 is then released from connection 
with the Sower section .2465 of the expandable tubular mentor 2430. In this 
manner, the mass 2450 -is preferabJy now supported by the support member 2425, 
expansion cone 2435, and the tear and intermediate sections, 24S5 and 2470, of 
5 the expandable tubular member 2430. The weight of the mass 2450 then causes 
the expandable tubular member 2430 to be radially expanded by, and extruded off 
of, the expansion cone 2435. During She e#rusoon process, the position off the 
support member 2425 is adjusted to ®n$WQ ©n overlapping (relation between the 
expandabte tubular member 2430 and the wellborn casing 2400. 

10 A compressible oement and/or epoxy is injected onto the annullar spaos 

betoken the urtexpanded portion of the tubular member 2430 and the wellborn 
rasing 2400 before and/or during the extruston process. The compressible osrnent 
andfer ©poxy is then .preferabUy permitted to at least partially cure prior to the 
infeton of .the' radial expansion prooess. In this manner, an annullar structural 

115 support and Kutdic seal is pravJd^d) aroynd the tybuter member 2430. 

As illustrated in FIG. 24c 0 After the expandable tubular membor 2430 has 
been oompteteSy extruded off of the expanscon ©one 2435, a nmf section off wellbore 
casing 5s formed that preferabiy inc8ud©a the radially expanded tubutar member 
2430 and an outer annular teyar of a fluidic sealing material. [More generality, Oh® 

20 apparatus 2420 is used to repair or fanrn wellbore casings, pipelines, and structural 
supports. 

The mass 2450 is positioned on. top of the upper section 2475 of the tubular 
member 2430. The mass 2450 is fabricated from a thSck wailed tubufar member that 
is concentric with respect to the support (member 2425, and also rests on top of the 
25 upper section 2475 of the tubular member 2430. In tttta manner, when the 
expansion oone 2435 exits She tubular member 2430, the expansion cone wall caray 
the mass 2450 out of the weBbora 2405. 

Referring to PIGS. 25a to 25c, an apparatus and method for coupling an 
expandable tubular memftber to a preexisting s&ructura will now be described. 
30 Referring to Fig. 25a, a wellborn raising 2500 and an open hote wellbore sectan 
2505 are positioned within a subterranean fo^mrcation 2510. The weflbore cascng 
2500 and the open hoSe wellbore section 2505 may be positioned in any orientation 
from the vertical direction to approximately the horizontal direction. 

An apparatus 2520 is utilized to form a new section of vsellbore casing within 
35 the open hole weflbme section 2505. Wore generally, the apparatus ^20 is 



preferably utilized to form or repair wellbore casings, pipelines, or structasil 
supports. 

The apparatus 2520 preferably ondudes a support member 2525, an 
expandable tubular member 2530, an expansion cone 2535, a chamber 2440, an 
5 end plate 2545, on© or mom upper sealing members 2555, and one or mom sealing 
members 25S0. 

The support member 2525 is preferably adapted to be ooupted to a surtae© 
location. The support member 2525 fe further oouplbd to She ®xparu§cOT cone 2535. 
The support member 2525 is preferabSy adapSed to convey fluEdic material to amid/or 
10 from She chamber 2540. The support member 2525 may, for ®mm$®, bs 
conventional commerdalSy available slick wfre, braided w5ra>, ooKed tubing, or drilling 
stock material 

The ©xpandabte tubular member 2530 os inemov&bSy om^pted to (ihe 
expansion pons 2535. The expandable tubular member 2530 totter totdudes one 
15 or mom upper and tower sealing members, .2555 and 25S0, on. to out&fde surfed 
dS the expandable tubular member 2530 in order to optimally to cntoiffesD 
bete^om the expandable tubular member 2530 and the v^ellSws m&cj ^00 e?d 
the open hde visitor© secSion 2505. . 

The expandable tubular member 2530 further indudos a torc^r section 
20 an intermediate secta 2570, and m upper section 2530. The wall thickness^ cf 
the totter and intermediate sections, 2585 and 2570, ame less Shan 4he wall thickness 
off the upper sectton 2575 on o?der to optimalSy fedlitate She radfel expansion of tie 
expandable tubular member 2530. 

The taftsr section 25S5 off the expandabJ® tubuOar member 2530 further 
25 indd&des the chamber 2540 and She end pSat® 2545. 

The expansion cone 2535 is pff®ffe?ab5y ©oupted to the suipport member 
2525. The expansion oone 2535 is ffiurther preferabSy mmm^f coupled to the 
expandable tubular member 2530. Th© expansion con©-2535 is preferabSy adapted 
to radSaUCy expand the expandable tubular member 2530 when She expansion goto 
30 2535. is axially dlspflaoed relative to the expandable SubuSar member 2530. Ttte 
expansion oone 2535 -5s further preferably adapted to convoy flutdfe materials to 
andfar from the cumber 2540. 

The chamber 2540 is defined by the Interior portion of the teraer section 25S5 
of She expandable tubular member ^30 below She expansion oone 2535 ami above 
35 the end plate 2545. The chamber 2540 is preferabJy adapted to contain a quantity 
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of a fluidic materials having a higher density than th© fluidic materials outside of the 
expandable tubular member 2330. 

The upper seating member 2555 lis pref®rab!y coupied to the outside surface 
of the upper sec&m 2575 of the ®xp®ndabS® tubuiar member 2530. The upper 

5 . sealing member 2555 h preferably adapted to fluididy seal the interface between 
the radially expanded upper section 2575 of the expandable tubular member 2530 
and the wellbore casing 2500. Th® upper sealing member 2555 may be any 
numbor of conventional osmmeirctelJy avaitebte scaling mombers. ThQ upp©r 
sealing member 2555 to viton rubber in order to optimally provide load carrying and 

1 0 pressure sealing cspadty. 

The tower sealing member 2550 to preferably couplod to the outside surface 
of the upper section 2575 off the expandabi® tubular member 2530. The to^er 
sealing member 2550 Is preferably adapted to ftuididy seal the interface between 
the radially expanded upper section 2575 of the expandabie tubular member 2530 * 

15 and the open hote welJbar© section 2505. The to^w sealing member 2550 may be • 
any number of convenfenal commercially avaiOabte sealing members. The to^er 
sealing member 2580 os viton rubber in order to optimally provide toad carrying and 
pressure sealing capacity. 

As illustrated In FIG. 25a, the apparatus 2520 is preferably positioned within 

20 the wellboire rasing 2500 and the open hoie \#©lffeotre section 2505 with the 
expandabie tubular member 2530 positioned in overtopping relation to the wetlbor® 
casing 2500. 

As illustrated in FIG. 25b, a quantity of a fluidic material 2580 having a 
density greater than the density of the fluidic materia! within the region 2585 outsEde 

25 d the expandabSs tubular member 2530 is injected into the chamber 2540. The 
difference in hydrostatic pressure between th® chamber 2540 and the region 2585, 
due to the differences in fluid density of these regions, causes the expandabU® 
tubular member 2530 to be radially ©xpanded by, and extruded off of, the expansion 
cone 2535. During the extrusion process, the posottton of the support member 2525 

30 is adjusted to ensure an overlapping relation between the expandable tubular 
member 2530 and the wetlbore rasing 2500. Th® quantity of the ftuidic material 
2580 initially injected into the chamber 2540 is subsequently increased as the size 
of the chamber 2540 increases during the extrusion process. On this manner, high 
pressure pumping equipment is typically not required, or the need for it is at least 
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minimized. A column of the fluidic material 2580 is maintained within the support 
member 2525. 

A compressible cement and/or epoxy is injected into the annufer specs 
between the unexparcded portion of the tubutor member 2530 and the wellbo^e 
5 casSng 2500 befar© and/or during the exfaruston process. The ©ompresslbts csrnent 
and/or ©poxy is then preferably permitted to at (east -partiality cuira prior to the 
InotSatfon of the radial expansSon process. In Ws nrcanrar 9 an annular steta! 
support and fflucdic seal is provided around th® tubuJar member 2530. 

As illustrated in FIG. 25c, After the expandable tubular member 2530' to 
10 been completely extruded off of the expansion cam 2535, a w section of 

raising is formed that preferably iincludes th© radially expanded tubular member 
2530 and am outer annular layer of a flutdte seating material. More generality, the 
apparatus 2520 is used to repair or form weMbore casings, pipelines, and structural, 
supports. 

•15 • • Refenrlrtg to FOGS. 28a to 28c, an apparatus and method for eoupBng an 

expandable tubular (member to a preexisting sflm^aro will to be described.- 
.Referring to F5g. 26a, a weltbme casing 2300 and an open hcJe weJIbora sec&m 
2605 are positioned within a subterranean tomato 2310. The weSta© casing 
2600 and the open hole wetlbore &3>cfen 2305 ray be positioned in any orientation 

20 (ton the vertical drecton to approximately She horizontal dlrectcon. 

An apparatus 2620 is utiJissd to form a new section of weltbcre rasing within 
the open hole wellbore section 2605. More generally, the apparatus 2320 is 
preferably utilized to form or repair wellbcre casnrtgs, pipelines, or sta&ral 
supports. 

25 The. apparatus 2820 preferably indues a support membsr 2625, an 

expandable tubular member 2630, an expansion con® 2635, a slip' Jcftt 2340, an 
end plate 2545, a cJuamber 2650, one or mora sHp members 2855, one or ntofls 
sealing members 2670, one or more upper sealing members 2875, and one or mm 
Cower sealing members 2830. 

30 The support member 2825 Is preferably adapted to be coupted to a surfeoe 

location. The support member 2825 is further ooupSed to the expansion ccme 3335. 
The support member 2625 is preferably adapted to convey flutdte materials to and/or 
from the chamber 2640. The support member 2625 may, for example, be 
conventional oommerclany availabSe slick w5r© t brafcded were, coited tubing, or drilling 

35 stock material. 
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The expandable tubular member 2630 is removably coupled to (the 
expansion cone 2635. The expandable tubular member 2630 further includes on® 
or more upper and lower sealing members. 2675 and 2680, on She outside surface 
of the expandable tubular member 2630 in order to optimally seal the interface 
5 between the expandable tubular member 2630 and the weHbore rasing 2600 and. 
the open hole wellbore socto 2605. 

The expandable tubular msmber 2630 further Includes a tower section 2385, 
an intermediate section 28S0, and an upper section 2895. The wall Shtetatesg©© of 
the tower and intermediate sections, 2685 and 2680, are toss than the wan thfctartsss 
10 of the upper sscScn 2SS5 in order to optimally fecslitat® She rsdis! sjtpsmiOT off to 
expandable tubular member 2630. 

The lower section 2685 of the expandable tubular member 2830 houses the 
slip joint 2640, the end plate 2845, the slips 2655, and the sealing mentors 2870. 
The interior portion of the tower section 2885 of the expandabto tubufcr fjtere&c? 
1 5 2830 below the expansion cone 2835 and above' tha end plate defines ^<§3omtoF 
2850. The lower section 2885 of the expandabto tubular msmbsr 23S0 further 
includes one or more of the anchoring devices described above wnh reference to 
FIGS. 1a to 25c 

The expansion cons 2835 is preferably coupled to the support msmber 2825 
20 and the slip Joint 2640. The expansion cone 2635 Is further preferably removably 
coupled to the expandable tubular member 2630. The expansion cons 2835 is 
preferably adapted to radially expand the expandable tubular msmber 2830 when 
the expansion cone 2835 is aidally displaced relative to the expandable tubular • 
member 2630. The expansion cone 2635 is further preferably adapted to convey 
25 fluldic materials to and/or from the chamber $»50. 

The slip joint 2640 is coupled to the expansion cons 2835 and the end plate 
2845. The slip joint 2840 is preferably adapted to permit the end plate 2845 to be 
axially displaced relative to the expansion cone 2835. On this manner, the size of the 
chamber 2850 Is variable. The slip joint 2640 may be any number of conventional 
30 commercially available slip joints modified in accordance with the teachings of the 

present disclosure. 

The slip joint 2640 preferably includes an upper member 2840a, a resilient 
msmber 2640b. and a lower msmber 2840c. The upper member 2840a is coupled 
to the expansion cons 2835 and the resilient member 2840b. The upper member 
35 2840a is movably ooupted to the tower msmbsr 2640b. The upper msmber 2840a 
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preferably includes one or more fluid passages 2840aa that permit the passage of 
fluidic materials. The lower member 28405) Is coupled to the end plate 2645 and the 
resilient member 2840b. The lower member 2840b is movably coupled to the upper 
member 2640a. The lower member 2640b preferably includes on® or more fluid 
5 passages 2640ba that permit the passage of fluidic material. The resilient member 
2640c is coupled between the upper and tower members, 2840a and 2640b. The 
resilient member 2640c Is preferably adapted to apply an upward axial force to the 
end plate 2645. 

The end plate 2645 is coupled to the slip joint 2640. the slips 2855, and the 
10 sealing members 2670. The end plate 2645 Is preferably adapted to seal off a 
portion of the interior of ths.towar sectton 2885 of the expandable tubular member 
2830. The end plate 2845 is further adapted to define, in combination with the 
expandable tubular member 2830, and the expansion cone 2835, the chamber 
2850. 

15 The chamber 2650 is defined by the interior porttonof the tower section 2885 . 

of the expandable tubular member 2830 betow the expansion cone 2835 and above 
the end plate 2845. The pressurizatton of She chamber 2850 causes the expansion 
cone 2835 to be axiatiy displaced and thereby radially expand She expandable 
tubular member 2830. The chamber 2850 is preferably adapted to move upwardly 
20 within the expandable tubular member 2830 as She expansion cone 2835 and end 
plate 2645 are axlally displaced within the expandable tubular member 2830. 

The slips 2855 are coupled to She end plate 2845. The slips 2355 are 
preferably adapted to permit the end plate 2645 to be displaced in She upward axial 
direction; but prevent axial displacement of She end plate 2045 in the. downward 
25 direction. On this manner, the chamber 2850 is pressurised by injecting fluidic 
materials into the chamber 2850. Because the end plate 2645 is maintained &n a 
substanSially stationary positton, relative to the expandable tubular member 2830. 
during She injection of pressurized fluidic materials into She chamber 2850. She 
pressurizatton of the chamber 2850 preferably axially displaces the expansion cons 
30 2635. When the slfo joint 2840 is fultyextontted. the slfo^ 

the end plate 2845 in the upward axial direction. When the spring force of She 
elastic msmbsr 264Cc of the slip joint 2540 is g^BEter than the fluidic pmssurim&m 
force within the chamber 2850. the end plate 2845 is displaced in the upward axial 
direction. 
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The sealing members 2670 are coupled to the end plat© 2845. The sealing 
members 2870 are further preferably sealingly coupled to the interior walls of the 
expandable tubular member 2830. to this manner, th® chamber 2350 is optimally 
pressurized during operation of the apparatus 2820. 
5 The upper sealing member 2675 is preferably coupled to toe outside surface 

of the upper section 2695 of the expandable tubular member 2830. The upper 
sealing member 2675 is preferably adapted to fluMdy seal the interface between 
the radially expanded upper section 2885 off the expandable tubular member 2830 
and the wellbore casing 2500. Th® upper sealing member 2875 may be any 
10 number off conventional commercially available sealing members. The upper 
sealing member 2675 is viten rubber in order to optimally provide toad carrying and 
pressure sealing rapacity. 

The lower sealing member 2880 is preferably coupled to th® outside surface 
off the upper section 2695 off the expandable tubular member 2830. The tower 
15 • sealing member 2680 is prefferabiy adapted to fftotdidy seal th® Interface between- 
the radially expanded upper section 2885 of the expandabte tubuter member 2830 
and the open hole wellbore section 2605. Th® tower sealing member 28©3 may to 
any number of conventional commercially available sealing members. The tower 
sealing member 2880 is viton rubber in order to optimally provide load carrying and 

20 pressure seating capacity. 

As illustrated in FIG. 26a, the apparatus 2620 is prefferabiy positioned within 
toe weMbore casing 2800 and the open -hole wellbore section 2805 with the 
• expandable tubular member 2630 postttonsd in overteppiirag relation to the wellbore 
casing 2800. The lower section 2685 of th© expandable tubular member 2830 is 
25 then anchored to the open hole wellbore section 2805 using one or more of the 
apparatus and methods described above with reference to FIGS. 1a to 25c. 

As Illustrated in FIG. 28b, th® radial expansion off th® expandable tubular 
' ' member 2630 is then initiated by. (1) applying an upward axial force to the 
expansion cone 2635; and/or (2) pressurizing toe chamber 2350 by injecting a 
30 pressurized fluidic material into the chamber 2850. 

The expandable tubular member 2630 is radially expanded by applying an 
upward axial fforce to the expansion cone 2835. Once the slip joint 2840 is fuRy 
extended, the end plate 2845 is then axfetly displaced to th® upward direction. In 
this manner, the end plate 2645 follows the expansion con® 2835. The chamber 
35 2850 is pressurized when the frictional forces exceed a predetermined value. In this 
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manner, the axial displacement of the expansion cone 2835 is provided by applying 
an axial fere® that © selectively supplemented by pressurizing the chamber 3550. 

A compressible cement and/or epoxy is injected into the annular space 
befeaeen the unexpamded portion of the tubular member 2S30 and the wellbore 
5 rasing 2600 before and/or during She extrusion process. The compressible cement 
and/or epoxy is then preferably permitted to at least 'partially cure prior to the 
initiate) off the radial expansfon process. In this manner, an annular structural 
support and fluidic seal is provided around the tubular member 2630. 

As illustrated in FIG. 26c, Ater the expandable tubular member 2630 has 
10 been completely extruded of of the expansion cone 2635, a new section of wellbore 
casfetg os formed that preferably includes the radialty expanded tubular member 
2830 and an outer annular layer of a fluidic sealing material toe generally, the 
apparatus 2620 is used to repair or forwi weilbore raisings, pipefttes, and structural 
supports. 

15 ■ . ■ Referring initially -to --FUG.. 27, 'a preferred method 2700 of coupling an 
expandabt® tubular member to a pmeexistmg structure indudes the stepa oft (1) 
coupling the expandable tubular member to the preexisting strucJure by axially 
displacing an expansion cone; and (2) radially expandcrtg the expandable tubular by 
applying domed radial pressure. 

20 As illustrated in FIG. 28, in step 2705, an expandable tubular member 2805 

is coupted to a preexisting wellbo^a rasing 2810 positioned within a subterranean 
formaton 2815. The wellbore rasing 2810 further indudes an outer annular layer 
2820 of a fluidic sealing material such as, for example, cement. The expandable 
tubular member 2805 may be coupted to She preexisting wellbore rasing 2810 using 

25 any number of conventional commeraaMy available methods for coupling an 
expandable tubular member to a preexisting structure such as, for example, puOing 
an expansion cone, through a tubular member, or pushing an expansfon cone 
through a tubular member using a pressurised flucdec material. The exparcdsbte 
tubuter member 2805 &s coupled to the preexisting sflrudtare 2810 using one or mora 

30 erf the apparatus and methods disctesed in the foiling: (1) U.S. utility patent 
application serial no. 09/454,139, attorney docket no. 25791.3.02, felled on 
12/3/1999, which claimed the benefit off the filing date of U.S. provisional patent 
application no. 60/1 1 1,293, attorney dochet no. 25791.3, filed on 12/7/1998; <2) U.S. 
utility patent application serial no. 09/510,913, attorney docket no. 25791.7.02, fifed 

35 on 2/23/2000, which claimed the benefit of the fifing date of U.S. provisional 
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application no. 60/121,702, filed on 2/2571699; (3) U.S. utility patent application 
serial no. 09/502,350. attorney docket no. 25791.8.02, filed cn 2/10/2000, which 
claimed the benefit of the filing date of U.S. provisional application no. 60/119,811, 
attorney docket no. 25791.8; (4) U.S. utility patent appficatfon serial no. 09/440,338, 
5 attorney docket no. 25791.9.02, filed on 11/15/1999, which claimed the benefit of 
the filing date of U.S. provisional application no. 60/108,558, attorney docket no. 
25791.9, filled on 11/16.1998; (5) U.S. provisional patent application no. 60/183,546, 
filed on 2/18/2000; (6) U.S. utility patent application no. 09/523,460, st5cm©y docket 
no. 25791.1 1.02, filed on 3/10/2000, which claimed the benefit of the filing date of 
10 U.S. provisional application no. 60/124,042 filed on 3/11/1999; (7) U.S. utility patent • 
application no. 09/512,895. attorney docket no. 25791.12.02. filed on 2124/2000. 
which claimed the benefit of the filing dates of U.S. provisional application no. 
. 60/121,841, attorney docket no. 25791.12, filed on 2/26/1999 and. U.S. piovislcnal 
application no. 60/154,047, attorney docket no. 25791.29, filed on .9/16/1989; (8) 
• 15 U.S. uMty application.no.' 09/511,941, attorney docket no. 25791. 1&@2, fi&d -on 
• 2/24/2000, which claimed the benefit of the filing date of U.S. provisional sesfel no. 
60/121,907, attorney docket no. 25791 .16, fled on 2/26/1 999; (9) U.S. utility patent 
application no. 09/588,946, attorney docket no. 25791.17.02, fit®d on June 7, 2000. 
which claimed the benefit of the filing date of U.S. provisional patent application 
20 serial no. 60/137,998, attorney docket no. 25791.17, filed on 6/7/1999; (10) U.S. 
utility patent application no. 09/559,122, attorney docket no. 25791.23.02, filed on 
4/26/2000. which claimed the benefit of the filing date of U.S. provisional application 
no. 60/131,103, attorney docket no. 25791.23, filed en 4/28/1999; (11) U.S. 
provisional application no. 60/146,203, attorney docket no. 25791.25, filed on 
25 7/29/1999; (12) U.S. provisional application no. 60/143,039, attorney docket no. 
25791.26. filed on 7/9/1999; (13) U.S. provisional patent application serial no. 
60/182.671. attorney docket no. 25791.27, filed en 11/1/1999; (14) U.S. provisional 
application no. 60/159,039, attorney docket no. 25791.38. fited on 10/12,1999; (15) 
U.S. provisional patent application no. 60/159,033, attorney docket no. 25791.37, 
30 filed on 10/12/1999; and (16) U.S. provisions! patent application no. 60/165.223, 
attorney docket no. 25791.39., filed on 1 1/12/1999. 

Preferably, the amount of radial expansion provided in step 105 ranges from 
about 5% to 20%. 

As illustrated In FOG. 29, in step 2710, at least a portion of the expandable 
35 tubular member 2805 is further radially expanded by using a redsal expansion tool 
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2S05 to apply direct radial pressure to the expandable tubular member 2805. The 
' radial expansfon tool 2905 may be any number of conventional radial expamston 
toots suitable for applying direct radial pressure to a tubular member. The rsdial 
expansion tool 2905 Is provided substantially as disclosed on one or mom of the 

5 following U.S. Patents: 5,014,779 and 5,083,608, the d&sctosuires off which aire 
incorporated herein by reference. The amount of radial expansion of the 
expandable tubular member 2805 provided In step 27110 ranges up to about 5%. 
The radial contact pressures gensrated by the radial expansion tool 2905 in step 
2710 range from about 5,000 to 140,000 psi. in cider to opttnmatty plastically defforni 

1 0 the expandable tubular member 205 to the final desired geometry. 

The radial expansion provided in step 2705 Us limited to the portion of the 
expandable tubular member 2805 that overlaps with the preexisting welIbo?e casing 
2810. In this manner, the high compressive forces typically (required to radeally 
expand the portion of the expandabte .tubular member 2805 that overlaps wWh the 

15 • pn&existing-v^ellbore rasing 2810 are optimally provided. 

The radial expansion in step 2705 radiafly expands the expandable tubular . 
member 2805 to provide ah inside diameter substantially equal to the iroscde 
diameter off the pre-existing wellbore rasing 2810. In this manner, a mono-diamefoer 
mllbore rasing is optimally provcdsd. 

20 Thus, the method 2700 provides a 2-step radial expansion process that 

- utilizes: (1 ) a relatively quick method of radial expansion tor the majority of the radial 
expansion; and (2) a high contact pressure method tor the (remaining radoal 
expansion. The method 2700 is used to form or repair wellbore casings, pipelines, 
or structural supports. 

25 The method 2700 further provides an apparatus and method for coupling an 

expandable tubular member to a preexisting structure. The expandabte tubular is 
initially coupled to the preexisting structure by axtelly dlspSacSng an expansion cone 
within the expandable tubular member. The expandable tubular member lis then 
further radially expanded by applying a radial force to the expandable tubular. The 

80 apparatus and method have wEde application to the formation and trepafx of usefllbore 
casings, pipelines, and structural supports. The apparatus and metffmd provide an 
efficient and reliable method for fomtfrtg and repairing raellbore casings, pipelines, 
and structural supports. In a preferred implementation, the initial) radial expansion of 
the expandable tubular member by axSaOy displacing the expansion cone provide 

35 from about 5% to 25% of radial expansion, and the subsequent application off direct 
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radial pressure to tha expandabte tubular member provides ©n additional radial 
expansion of up -to about 10%. In this manner, the desined final geometiry of the 
radially expanded tubular member is optimally achieved in a time efficfent and 
reliable manner. This method and apparatus is psrttauterfly w®M In optimally 
5 creating profiles and seal geometries for liner tops and for conrvacfiions betesen 
jointed tubutare. 

The expansion cones 130, 230, 325, 1030, 1130, 1225, 1325, 1435, 1440, 
1525, 1530, 2030, 2335, 2435, 2535, 2835, and tta ©xpandab!® {tubular membQirs 
140, 240, 335, 1040, 1140, 1235, 1335, 2025, 2330, 2530. 2330 may be powfdsd 

10 substantially as disctosed in one or more of the foMowJ^: (1) U.S. wTOy patent 
application serial no. 09/454,139, attorney docket no. 25781.3.02, filed on 
12/3/1999, which claimed She benefit c? the filing date of U.S. provisional patent 
application no. 60/111,293, attorney docket no. 25791.3, (tod on 12/7/1998; (2) U.S. 
utility patent application serial no. 09/510,913, attorney docket no. 257917.02, filed 

15 on 2/23/2000, which claimed- the benefit of the * filing dste off U.S. pirovofondl 
application no. 60/121,702, fited on 2/25/1999; (3) U.S. utility patent appC^teni 
serial no. 09/502,350, attorney docket no. 25791.8.02, ffited on 2/10/2000, which 
claimed the benefit of the filing date of U.S. provisional application no. 60/119,61 1, 
attorney docket no. 25791.8; (4) U.S. utiBty patent applicaton serial no. 09/440,338, 

20 attorney docket no. 25791.9.02, filed on 11/15/1999, which claimed the benefit of 
the filing date of U.S. provisional application no. 60/108,558, attorney, docket no. 
25791.9, filed on 11/16.1998; (5) U.S. provisional patent application) no. 60/183,546, 
filed on 2/18/2000; (6) U.S. utility patent application no. 02/523,460, attorney docket! 
no. 25791.11.02, filed on 3/10/2000, which dafened the benefit of the filling date of 

25 U.S. provisional application no. 60/124,042, filed on 3/1 1/1 999;- (7) U.S. utiMy patent 
appJicatton no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, 
which claimed the benefit of the filing dates of U.S. provisional application no. 
60/121,841, attorney docket no. 25791.12, filed on 2/26/1999 and U.S. provistena! 
application no. 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999; (8) 

30 U.S. utility application no. 09/511,941, attorney docket no. 25791.16.02, fited on 
2/24/2000, which claimed the benefit of the Wing date of U.S. provis&onal serfe] no. 
60/121,907, attorney docket no. 25791.16, filed on 2/26/1999; (9) U.S. utility patent 
application no. 09/588,946, attorney docket no. 25791.17.02, fifed on June 7, 2000, 
which claimed the benefit of the fi!cng date of U.S. provisional patent application 

35 serial no. 60/137,998, attorney docket no. 25791.17, filed on 6/7/1999; (10) U.S. 
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utility patent application no. 09/559.122, attorney docket no. 25791.23.02, filed on 
4/26/2000, which claimed the benefit of the filing date of U.S. provisional application 
no. 60/131,106. attorney docket no. 25791.23. filed on 4/26/1999; (11) U.S. 
provisional application no. 60/146.203, attorney docket no. 25791.25, filed on 

5 7/29/1 999; . (12) U.S. provisional application no. 60/143,039, attorney docket no. 
25791.26, filed on 7/9/1999; (13) U.S. provisional patent application serial no. 
60/162,671, attorney docket no. 25791.27. filed on 11/1/1999; (14) U.S. provisional 
application no. 60/159,039, attorney docket no. 25791.36, filed on 10/12,1 999;. (15) 
U.S. provisional patent application no. 60/159,033, attorney docket no. 25791.37, 

10 filed on 10/12/1999; and (16) U.S. provisional patent application no. 60/165,228, 
attorney docket no. 25791 .39, filed on 1 1/12/1999, 
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CONVERSION OF IMPERIAL UNITS TO METRIC UNITS 



250°Fto450°F = 121. 1°C to232.2°C 

5000 psi to 140,000 psi = 3.447 x 10 7 N/m 2 to 9.653 x 10* N/m 2 

5 0°Fto450°F = -17.8°Cto232.2°C 

3 in = 76.2 mm 

2 x 10"* in 2 to 5 x 10' 2 in 2 ■ 0.129 mm 2 to 32.26 mm 2 

The following are Registered Trade Marks 

10 

Won 

TorqTrim III 
EP Mudlib 
DrillN-Slid 

15 
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CLAIMS 

1. A system for coupling an expandable tubular member to a preexisting 
structure, comprising: 

5 means for positioning the tubular member and an expansion cone within the 

preexisting structure; 

means for anchoring the tubular member to the preexisting structure; 
means for axially displacing the expansion cone relative to the tubular 
member by pulling the expansion cone through the tubular member, and 
10 means for injecting a lubricating fluid into the trailing edge of the interface 

between the expansion cone and the tubular member. 

2. The system of claim 1, further comprising a lubricating fluid, wherein the 
lubricating fluid has a viscosity ranging from 1 to 10,000 centipoise. 

15 

3. The system of claim 1 , wherein the means for injecting includes: 
injecting lubricating fluid into a tapered end of the expansion cone. 



4. The system of claim 1 , wherein the means for injecting includes: 

20 means for injecting lubricating fluid into the area around the axial midpoint of 

a first tapered end of the expansion cone. 

5. The system of claim 1 , wherein the means for injecting includes: 

means for injecting lubricating fluid into a second end of the expansion cone. 

25 

6. The system of claim 1 , wherein the means for injecting includes: 

means for injecting lubricating fluid into a tapered first end and a second end 
of the expansion cone. 

30 7. The system of claim 1 , wherein the means for injecting includes: 

means for injecting lubricating fluid into an interior of the expansion cone. 

8. The system of claim 1 , wherein the means for injecting includes: 

means for injecting lubricating fluid through an outer surface of the 
35 expansion cone. 
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9. The system of claim 1 , wherein the means for Injecting includes: 

means for injecting the lubricating fluid into a plurality of discrete locations 
along the trailing edge portion. 



5 10. The system of claim 1, further comprising a lubricating fluid, wherein the 
lubricating fluid comprises: 
drilling mud. 

1 1 . The system of claim 1 , wherein the means for axially displacing the 
1 0 expansion cone includes: 

a means for pressurizing at least a portion of the interior of the tubular 
member. 

1 2. The system of claim 1 , wherein the means for axially displacing the 
15 expansion bone includes: 

a means for injecting a fluidic material into the tubular member. 

1 3. The system of claim 1 , wherein the means for axially displacing the 
expansion cone includes: 

20 a means for displacing the expansion cone into the tubular member. 

14. . The system of claim 1 , wherein the means for axially displacing the 
expansion cone includes: 

a means for displacing the expansion cone out of the tubular member. 
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1 5. The system of claim 1 , wherein the means for axially displacing the 
expansion cone radially expands the tubular member by 10% to 20%. 



16. The system of claim 1 , further comprising a means for applying direct radial 
30 pressure to the tubular member. 

1 7. The system of claim 1 , further comprising a preexisting structure which 
includes a wellbore casing. 
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18. The system of claim 1 , further comprising a preexisting structure which 
includes a pipeline. 

19. The system of claim 1 , further comprising the preexisting structure which 
includes a structural support. 

20. The system of claim 1 , further comprising an expansion cone, wherein the 
expansion cone comprises an angle of attack ranging from 10 to 30 degrees. 

21 . The system of claim 1 , further comprising a tubular member, wherein the 
tubular member includes: 

an annular member, having: 

a wall thickness that varies less than 8 %; 

a hoop yield strength that varies less than 10 %; 

imperfections of less than 8 % of the wall thickness; 

no failure for radial expansions of up to 30 %; and 

no necking of the walls of the annular member for radial expansions of up to 

25%. 

22. The system of claim 1 , further comprising a tubular member, wherein the 
tubular member includes: 

a first tubular member; 

a second tubular member; and 

a pin and box threaded connection for coupling the first tubular member to 
the second tubular member, the threaded connection including: 

one or more sealing members for sealing the interface between the first and 
second tubular members. 

23. The system of claim 22, wherein the one or more sealing members are 
positioned adjacent to an end portion of the threaded connection. 

24. The system of claim 22, wherein one of the sealing members is positioned 
adjacent to an end portion of the threaded connection; and wherein another one of 
the sealing members is not positioned adjacent to an end portion of the threaded 
connection. 
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25. The system of claim 22, wherein a plurality of the one or more sealing 
members are positioned adjacent to an end portion of the threaded connection. 

5 26. The system of claim 1, further comprising a tubular member, wherein the 
tubular member includes: 

a layer of a lubricant bonded to the Interior surface of the tubular member. 

27. The system of claim 26. wherein the lubricant comprises a metallic soap. 

10 

28. The system of claim 26, wherein the lubricant is chemically bonded to the 
interior surface of the tubular member. 

29. The system of claim 26, wherein the lubricant is mechanically bonded to tire 
15 interior surface of the tubular member. 

30. The system of daim 26, wherein the lubricant is adhesively bonded to the 
interior surface of the tubular member. 

20 31 . The system of claim 30, wherein the lubricant includes epoxy, molybdenum 
disulfide, graphite, aluminum, copper, alumlsilicate and polyethylenepolyamine. 

32. The system of daim 1 , further comprising a tubular member, wherein the 
tubular member indudes: 

25 a pair of tubular members having threaded portions coupled to one another 

and 

a quantity of a sealant within the threaded portions of the tubular members. 

33. The system of claim 32, wherein the sealant is selected from the group 
30 consisting of epoxies, thermosetting sealing compounds, curable sealing 

compounds, and sealing compounds having porymerizabte materials. 

34. The system of claim 32, wherein the sealant indudes an initial cure cyde 
and a final cure cycle. 

35 
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35. The system of claim 32, wherein the sealant can be stretched up to 30 to 40 | 
percent without failure. 



36. The system of claim 32, wherein the sealant is resistant to conventional 
5 wellbore fluldic materials. 

37. The system of claim 32, wherein the material properties of the sealant are 

substantially stable for temperatures ranging from -17.8°C to 232.2°C (0 to 450°F). 

» 

10 38. The system of claim 32, wherein the threaded portions of the tubular 

members include a primer for improving the adhesion of the sealant to the threaded 
portions. 

39. The system of claim 1 , further comprising a tubular member, wherein the 
15 tubular member includes: 

a pair of rings for engaging the preexisting structure; and 

a sealing element positioned between the rings for sealing the interface 

between the tubular member and the preexisting structure. 

20 40. The system of claim 1 , further comprising a tubular member, wherein the 
tubular member includes: 

a first preexpanded portion; 

an intermediate portion coupled to the first preexpanded portion including a 
sealing element; and 
25 a second preexpanded portion coupled to the intermediate portion. 

41 . The system of claim 1 , further comprising: 
a tubular member, 
an expansion cone; 

30 a support member including a fluid passage, the expansion cone, coupled to 

the support member, the tubular member coupled to the expansion cone; 
a slip joint coupled to the expansion cone; 
an end plate coupled to the slip joint; 
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a fluid chamber coupled to the fluid passage, the fluid chamber defined by 
the interior portion of the tubular member between the expansion cone and the end 
plate. 

5 42. The system of claim 1 , further comprising a tubular member, wherein the 
tubular member includes a slotted end portion. 

43. The system of claim 1 , further comprising a tubular member and an 
expansion cone, wherein the tubular member and the expansion cone define a 

1 0 chamber adapted to be pressurized. 

44. The system of claim 43, further comprising a fluidtc passage coupled to the 
chamber. 

1 5 45. The system of claim 1 further comprising a lubricating fluid in an interface 
between the expansion cone and the tubular member. 
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46. The system of claim AS, wherein the lubricating fluid comprises: 
drilling mud. 
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